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From  evidence  obtained  in  conversation  and  correspondence, 
it  appears  that  the  use  of  gastro-intestinal  lavage,  washing  out  the 
digestive  tract  with  a  stream  of  water  administered  by  rectum  as 
an  enema  and  continued  until  it  issues  from  the  mouth  by  re- 
peated emesis,  for  the  removal  of  worms  from  dogs  and  cats,  is 
rather  common  practice  among  veterinarians  in  this  country.  In 
spite  of  this,  there  seem  to  be  almost  no  published  references  to 
the  practice  and  it  is  unknown  to  many  veterinarians  of  long 
standing.  It  has  therefore  seemed  worth  while  to  conduct  some 
investigations  in  regard  to  this  form  of  lavage  in  connection  with 
some  anthelmintic  investigations,  to  ascertain  the  efficacy  of  this 
mechanical  method  of  removing  worms  in  comparison  with  the 
customary  medicinal  procedure,  and  also  to  note  its  immediate 
and  remote  effect  on  the  host  animal  and  its  possibilities  as  a  mode 
of  administering  medication. 

Sisson  (1914)  states  regarding  the  digestive  tract  of  the  dog: 
"There  is  an  ileocolic  valve.  *  *  The  valve  does  not  seem  always 
to  be  efficient,  since  experience  shows  that  rectal  injections  can  be 
made  to  pass  beyond  it.  This  may  be  partly  due  also  to  the  fact 
that  the  terminal  part  of  the  ileum  runs  horizontally  forward,  gind 
its  orifice  faces  forward  into  the  beginning  of  the  colon." 

It  appears  that  the  corresponding  valve  in  the  cat  is  likewise 
pervious,  since  fluids  may  pass  from  the  rectum  and  colon  to  the 
small  intestine,  and  it  may  be  that  this  is  generally  true  of  carni- 
vores. This  is  practically  the  limit  of  applicability  of  the  method 
of  gastro-intestinal  lavage,  as  there  are  obvious  anatomical,  physi- 


ological.  practical  or  esthetic  objections  to  its  use  in  the  case  of 
such  animals  as  horses,  cattle,  sheep,  hogs  or  man. 

Quitman  (1917)  describes  and  discusses  the  method  of  gas- 
tro-intestinal  lavage  as  follows : 

"In  the  dog,  I  vary  my  vermifuge  treatment.  In  my  own 
hospital  practice,  we  usually  make  very  quick  and  thorough  work 
with  gastro-intestinal  lavage.  The  method  works  so  well  that  we 
are  getting  a  special  clientele  on  that  score  alone.  We  first  admin- 
ister a  thorough  purgative,  preferably  a  saline,  to  empty  the  bow- 
els, of  course,  as  much  as  possible.  Then  with  just  ordinary  soap 
solution,  using  several  gallons,  we  first  free  the  bowels  of  all  mate- 
rial by  letting  a  certain  amount  run  in  and  letting  it  be  ejected 
again,  and  finally  after  a  little  while,  especially  helped  by  eleva- 
tion of  the  hind  quarters  of  the  dog,  the  fluid  will  come  out  of  his 
mouth  as  fast  as  it  runs  into  the  rectum.  This  is  the  most  effica- 
cious method,  as  it  will  wash  out  every  worm  in  the  dog ;  it  tends 
to  wash  out  the  ova  and  also  free  the  system  of  the  excretions  of 
the  worms  that  so  often  seem  to  cause  various  forms  of  toxemia. 
After  flushing  the  dog  with  the  soap  solution,  we  usually  flush 
him  freely  with  a  normal  salt  solution,  expecting  some  of  that  to 
remain,  which  will  tend  to  ward  oft'  the  slight  prostration  that 
sometimes  results  from  the  operation.  If  the  dog  is  very  weak,  we 
postpone  the  gastro-intestinal  lavage  until  we  get  him  braced  up." 

In  response  to  a  personal  letter  from  one  of  us  (Hall), 
Doctor  Quitman  very  kindly  furnished  the  following  additional 
information  in  regard  to  this  treatment: 

"In  regard  to  the  gastro-intestinal  lavage  treatment  for  the 
removal  of  parasites,  I  have  never  seen  the  method  in  print.  I 
first  saw  it  used  by  Dr.  Charles  A.  White  of  216  East  36th  St., 
Chicago,  professor  of  canine  medicine  and  surgery  at  the  Chicago 
Veterinary  College,  about  15  years  ago.  It  is  without  a  doubt  the 
safest,  surest  method  (when  done  correctly)  of  removing  all 
varieties  of  intestinal  parasites.  I  have  used  the  method  ever  since 
I  first  saw  White  demonstrate  it.  I  use  it  in  my  hospital  at  least 
25  or  30  times  monthly,  counting  individual  dogs  and  not  repeti- 
tions (I  like  to  give  two  treatments,  three  or  four  days  apart). 

I  prefer  purging  the  animal  first,  but  circumstances  do  not 
always  permit  this  preliminary.  If  not,  we  gradually  wash  out  the 
intestines,  allowing  the  animal  to  force  oiU  the  water  and  feces 


3 
before  filling  the  bowels  and  elevating  the  hind  part  of  the  body 
and  preventing  back  expulsion  by  pressure  on  anus.  One  case  in 
100  may  be  found  difficult ;  when  so,  administer  1/20  to  1/10  gr. 
apomorphine  hyd.  and  again  fill  them  up,  when  the  fluid  will  come 
through.  I  use  sometimes  a  gallon  of  warm  soap  emulsion,  always 
followed  up  with  a  gallon  of  warm  normal  salt  solution,  and 
sometimes  only  the  normal  salt  solution. 

"It  also  operates  well  in  cats.  *  *  *  Dr.  White  may  be 
able  to  g^ve  you  more  of  the  history,  as  I  do  not  know  whether  he 
originated  the  idea  or  not." 

We  are  unaware  of  any  European  work,  or  work  elsewhere 
outside  of  the  United  States,  dealing  with  this  topic,  but  we  have 
made  no  effort  to  ascertain  what  literaure  of  the  sort  may  exist. 

Our  own  experiments  with  this  method  comprise  washing  out 
the  gastro-intestinal  tract  in  various  ways,  examining  the  material 
washed  out.  and  usually  keeping  the  animals  for  some  days  and 
examining  all  feces  or  vomitus  for  worms  that  might  have  been 
unfavorably  affected  by  the  lavage  and  subsequently  passed.  The 
injection  of  the  water  was  accomplished  by  gravity — using  a  fun- 
nel and  tube — or  by  a  force  pump  or  city  water  pressure.  The 
dogs  were  killed  at  the  end  of  the  experiments  and  examined  for 
worms  and  for  patliological  lesions,  especially  those  of  the  diges- 
tive tract.    A  detailed  statement  of  the  experiments  is  as  follows: 

Dog  No.  114,  a  mongrel  weighing  4.5  kilos,  was  washed  out 
with  an  indefinite  amount  of  tap  water,  no  worms  being  discov- 
ered in  the  water  vomited  by  the  dog.  On  postmortem  examina- 
tion 3  days  later,  the  dog  was  found  to  have  3  Dipylidium  and  1 
whipworm.  The  gastric  mucosa  was  slightly  paler  than  normal. 
The  treatment  appeared  to  be  entirely  ineffective  in  this  case, 
and  apparently  uninjurious  to  the  animal. 

Dog.  No.  124,  a  small  wire-haired  terrier,  was  washed  out 
with  an  indefinite  amount  of  tap  water;  no  worms  were  found 
in  this  water.  The  dog  was  killed  immediately  after  treatment 
and  found  to  have  1  ascarid  and  1  whipworm.  The  entire  di- 
gestive tract  appeared  anemic  and  edematous  as  a  result  of  the 
washing.     The  treatment  was  entirely  ineffective. 

Dog  No.  125,  a  small  terrier,  was  washed  out  with  an  indefi- 
nite amount  of  tap  water.  No  worms  were  removed  and  none 
were  found  on  postmortem  examination  immediately  after  treat- 
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merit,  so  no  conclusions  could  be  drawn  regarding  efficiency. 
However,  the  abdominal  cavity  was  found  to  contain  a  blood- 
stained fluid,  and  the  origin  of  the  blood  was  found  in  2  large 
ruptures  of  the  jejunum  and  one  of  the  colon,  and  3  lesser  breaks 
in  the  colon.  The  large  breaks  were  an  inch  long  or  longer.  All 
ruptures  involved  the  serosa  and  the  muscular  coat,  but  the 
mucosa  was  not  apparently  broken.  The  intestine  also  showed 
numerous  submucous  hemorrhages.  The  damage  was  obviously 
due  to  the  pressure  of  the  water,  and  it  is  evident  that  there  is  a 
certain  danger  here.  Should  the  initial  washing  out  of  the  large 
intestine  fail  to  remove  all  hard  fecal  masses,  one  of  these  might 
easily  occlude  the  ileocolic  valve  and  lead  to  rupture  of  the  large 
intestine  as  a  result  of  the  back  pressure,  and  food  masses,  hair 
balls,  worm  knots,  etc.,  in  the  stomach  might  occlude  the  eso- 
phageal aperture,  leading  to  rupture  of  the  coats  of  the  small 
intestine  or  the  stomach.  A  spastic  condition'  of  the  ileocolic 
valve  or  the  pylorus,  or  a  moderate  degree  of  stenosis  at  some 
point,  might  give  similar  results. 

Dog  No.  126,  a  small  terrier,  was  washed  out  with  an  indefi- 
nite amount  of  tap  water.  The  washing  removed  1  ascarid,  and 
on  postmortem  immediately  afterward  the  dog  was  found  to  have 
one  more.  The  treatment  was  therefore  50  per  cent  effective 
against  ascarids.  The  entire  digestive  tract  was  anemic  and 
edematous  as  a  result  of  the  washing. 

Dog  No.  119,  a  mongrel  weighing  15.5  kilos,  was  washed  out 
with  8  liters  of  soap  solution,  followed  by  a  half  liter  of  normal 
salt  solution,  and  this  in  turn  followed  by  a  considerable,  but  un- 
measured, amount  of  tap  water.  Six  hookworms  were  washed 
out  in  this  way.  One  hookworm  was  passed  in  the  feces  collected 
on  the  third  day,  and  on  postmortem  examination  the  third  day 
another  hookworm  was  found  in  the  large  intestine,  dead  and 
being  passed  out.  This  total  of  8  hookworms  was  credited  to 
the  efficacy  of  the  lavage.  However,  the  dog  had  157  hookworms 
and  54  whipworms  in  addition.  The  treatment  was  therefore  5 
per  cent  effective  against  hookworms  and  0  per  cent  effective 
against  whipworms.  The  stomach  was  normal ;  the  small  in- 
testine showed  ])etechi;c  due  to  hookworms;  the  colon  showed 
one  large,  discrete  inflamed  area  and  one  or  two  small  hemor- 
rhagic areas:  the  tip  of  the  cecum,  covering  the  area  from  which 


the  whipworms  were  removed,  was  moderately  inflamed,  a  lesion 
which  we  commonly  find  associated  with,  and  evidently  due  to, 
whipworms.  There  was  evidently  a  complete  recovery  from  the 
anemic  edematous  condition  produced  by  the  lavage  (it  would 
be  expected  that  this  condition  would  be  transitory),  and  it  may 
be  doubted  whether  any  of  the  lesions  noted  could  be  attributed 
to  the  treatment. 

Dog  No.  121,  a  mongrel  weighing  12.75  kilos,  was  washed  out 
with  8  liters  of  soap  solution  followed  by  a  half  liter  of  normal 
salt  solution.  No  worms  were  washed  out  and  none  passed  during 
the  next  8  days.  The  dog  was  then  treated  with  oil  of  chenopo- 
dium,  but  passed  no  worms  during  the  next  four  days.  Post- 
mortem examination  showed  the  presence  of  28  whipworms.  The 
lavage,  as  well  as  the  oil  of  chenopodium,  was  0  per  cent  effective' 
against  the  whipworms.     The  digestive  tract  was  normal. 

Dog  No.  128,  a  bulldog  weighing  10  kilos,  was  washed  out 
with  an  indefinite  amount  of  soap  solution  at  the  clinic  at  the 
joint  meeting  of  the  Michigan  and  Northwestern  Ohio  Veterinary 
Medical  Association  of  1917.  No  worms  were  removed  by  the 
washing.  Postmortem  examination  immediately  after  treatment 
showed  the  presence  of  a  number  of  hookworms  and  Dipylidium, 
the  number  not  being  counted  owing  to  the  limited  time  and 
facilities.  The  treatment  was  0  per  cent  effective  against  hook- 
worms and  Dipylidium.  The  small  intestine  showed  petechije 
due  to  hookworm  and  a  slight  inflammation  of  the  ileum ;  aside 
from  this,  the  only  thing  noted  was  the  edematous  condition  of 
the  digestive  tract  as  a  result  of  the  washing,  a  condition  which, 
as  already  noted,  is  probably  transient. 

Dog  No.  209,  a  mongrel  weighing  9  kilos,  was  treated  by  gas- 
tro-intestinal  lavage,  using  8  liters  of  water.  The  lavage  washed 
out  2  entire  specimens  of  Tccnia  pisiformis.  The  dog  was  killed 
the  next  day  and  found  to  have  7  specimens  of  T.  pisiformis. 
The  lavage  was  therefore  only  32  per  cent  effective  against 
Tccnia.  There  were  numerous  petechiae  in  the  cardiac  and 
pyloric  ends  of  the  stomach,  possibly  due  to  the  strain  of  vomit- 
ing. The  small  intestine  was  mildly  inflamed,  except  where  the 
tapeworms  lay  in  the  jejunum,  and  here  the  mucosa  was  highly 
inflamed  and  showed  some  hemorrhage. 


The  following  experiments  involve  the  use  of  gastro-intestinal 
lavage,  but  are  complicated  by  other  features. 

Dog  No.  135,  a  mongrel  weighing  9  kilos,  was  washed  out 
with  200  mils  of  a  1  per  cent  solution  of  copper  sulphate,  then 
with  an  indefinite  amount  of  tap  water,  then  with  another  200 
mils  of  copper  sulphate  solution,  then  with  an  indefinite  amount 
of  tap  water  again.  The  treatment  brought  away  1  headless  Dipy- 
lidiuiii  stained  blue  with  copper  sulphate ;  no  more  worms  were 
passed  and  the  dog  was  found  free  from  worms  on  postmortem 
examination  the  fourth  day  after  treatment.  The  treatment  was 
therefore  100  per  cent  effective  against  Dipylidium.  However, 
the  addition  of  the  copper  sulphate  complicates  the  case,  as  it  is 
no  longer  a  mechanical  removal  of  the  worm  which  is  involved, 
but  a  medicinal  treatment  which  is  given  by  rectum  instead  of  by 
mouth,  merely  a  modification  here  of  the  common  rectal  medica- 
tion. Copper  sulphate  is  well  known  as  an  anthelmintic  for  use 
against  stomach  worm  in  ruminants ;  it  cannot  be  given  by  mouth 
to  dogs  for  this  purpose,  owing  to  its  decided  emetic  action.  In 
this  e.xperiment,  the  copper  sulphate  also  gave  rise  to  serious 
fesions.  The  entire  digestive  tract  was  inflamed  and  hemorrhagic, 
the  liver  cirrhotic,  and  the  kidneys  were  inflamed  and  showed 
what  were  apparently  streaks  of  degeneration.  The  lesions  of 
the  digestive  tract,  at  least,  must  be  attributed  to  this  treatment. 
The  hemorrhagic  condition  of  the  digestive  tract  and  the  resultant 
blood  in  the  feces,  with  the  dog  in  a  weakened  condition,  led  to 
the  dog  developing  a  case  of  rectal  myiasis  from  infestation  with 
blowfly  larva;.  This  was  successfully  treated  with  a  rectal  injec- 
tion of  25  to  30  mils  of  olive  oil  containing  30  per  cent  chloro- 
form, and  none  of  the  larvae  were  found  postmortem. 

Dog  No.  187,  a  mongrel  weighing  10  kilos,  was  given  6  grains 
)i  calomel  the  day  before  treatment.  The  day  of  treatment  the 
dog  was  given  a  rectal  injection  prepared  by  dissolving  2  grams 
of  beta-naphthol  in  9  mils  of  95  per  cent  alcohol  and  adding  this 
to  1000  mils  of  water  to  give  a  finely  divided  watery  suspension 
of  the  drug.  The  day  of  treatment  the  calomel  had  failed  to 
purge  the  dog,  so  the  rectum  and  colon  were  thoroughly  flushed 
out  with  tap  water,  and  then  the  rectal  injection  of  beta-naphthol 
was  given.  Evidently  the  amount  given  was  too  much  for  the 
dog's  large  intestine,  and  though  it  was  not  intended  as  gastro- 


intestinal  lavage,  the  animal  vomited  a  half-hour  later,  vomiting 
a  headless  Dipylidium,  indicative  of  the  passage  of  the  drug  into 
the  small  intestine.  The  dog  passed  no  feces  the  next  3  days  and 
died  on  the  fourth  or  fifth  day.  There  were  no  worms  found 
postmortem,  so  the  treatment  was  100  per  cent  effective  against 
Dipylidium.  The  stomach  was  inflamed  and  catarrhal  and  con- 
tained fecal  matter ;  the  intestines  were  inflamed.  Like  the  pre- 
vious e.xperiment,  this  is  really  rectal  medication,  not  gastro-in- 
testinal  lavage,  and  while  effective  against  Dipylidiiiin  it  exerted 
a  bad  effect  on  the  digestive  tract. 

Dog  No.  173,  a  mongrel  weighing  10  kilos,  was  given  an 
enema  in  order  to  secure  a  fecal  sample  to  examine  for  the  pres- 
ence of  parasite  eggs.  This  is  a  routine  procedure  with  us ;  a 
piece  of  flexible  rubber  tubing  about  3  feet  long  and  approxi- 
mately a  half  inch  in  outside  diameter  is  connected  to  a  tap  and 
the  hot  and  cold  water  mixed  to  give  a  moderate-sized,  warm 
stream.  In  this  case  it  would  appear  that  the  enema  had  been 
continued  until  the  water  entered  the  small  intestine,  for  pres- 
ently the  dog  passed  the  fluid  and  it  was  found  to  contain  about 
20  entire  Dipylidium.  While  these  worms  might  have  been  in  the 
large  intestine  on  their  way  out,  we  assume  that  they  were  not. 
The  dog  was  then  given  a  lethal  dose  of  oleoresin  of  male-fern 
as  a  check  on  some  other  tests.  The  next  day  the  dog  was  very 
sick.  It  had  occurred  to  us,  and  Dr.  Horace  Hoskins  made  the 
same  point  in  conversation  with  one  of  us  (Hall),  that  this  lavage 
might  be  of  value  in  cases  of  poisoning,  so  we  used  the  lavage 
treatment  on  this  dog,  though  the  long  time  since  the  male-fern 
had  been  given  made  it  unlikely  that  lavage  would  be  of  value. 
The  dog  died  the  evening  of  the  fifth  day  after  treatment  with 
male-fern.  Postmortem  showed  the  absence  of  any  parasites,  so 
the  unintentional  lavage  effect — an  enema  carried  to  the  point 
where  it  entered  the  small  intestine  and  then  passed  out  again 
by  way  of  the  rectum  instead  of  the  mouth — was  apparently  100 
per  cent  effective  against  Dipylidium.  The  failure  to  be  of  value 
in  poisoning  in  this  case  is  readily  explained  by  the  long  interval 
between  the  administration  of  the  poison  and  the  lavage. 

The  value  of  lavage  in  cases  of  poisoning  was  tested  as  fol- 
lows : 

Dog  No.  304,  a  terrier  weighing  9.5  kilos,  was  given  30  mils 


of  oleoresin  of  niale-fcrn,  a  lethal  dose.  The  dog  had  a  temper- 
ature of  104'^  at  the  time  and  showed  indications  of  distemper. 
One  hour  after  treatment  the  dog  was  given  gastro-intestinal 
lavage,  using  about  6  liters  of  water,  which  washed  out  quite  a 
little  male-fern,  and  incidentally  brought  away  3  ascarids.  The 
next  day  the  dog  was  weak  and  progressive  emaciation  was  no- 
ticeable during  the  next  few  days.  The  dog  died  the  seventh  day 
after  treatment.  Postmortem  examination  showed  the  patchy 
pneumonia  of  distemper  and  a  hemorrhagic  gastritis  and  enteritis. 
No  parasites  were  present,  so  the  combination  of  male-fern  in 
lethal  dose  and  lavage  was  100  per  cent  effective  against  ascarids. 
The  lavage  failed  to  save  the  life  of  the  dog,  but  the  failure  was 
very  likely  due  to  the  fact  that  this  dog  was  sick  with  disteinper 
before  treatment,  and  that  the  weakned  and  diseased  organism 
did  not  have  the  resistance  and  vitality  to  endure  the  local  irrita- 
tion and  toxic  effects  of  the  male-fern  or  the  shock  of  lavage. 
There  was  more  or  less  likelihood  of  the  animal  dying  from  dis- 
temper, even  without  the  administration  of  male-fern,  an<l  in  our 
opinion  the  use  of  lavage  within  an  hour  or  so  after  the  admin- 
istration of  a  lethal  dose  of  male-fern  to  a  healthy  dog  would 
usually  save  the  animal.  Even  in  this  case,  the  dog  did  not  show 
the  trembling  which  we  usually  find  in  dogs  suiTering  from  the 
toxic  effects  of  male-fern,  and  the  gastro-intestinal  hemorrhage, 
due  in  part,  at  least,  to  the  male-fern,  was  the  principal  injurious 
action  of  the  drug.  Another  test  of  lavage  in  poisoning  was  as 
follows : 

Dog  No.  203.  a  terrier  weighing  10  kilos,  was  given  1  grain  of 
strychnine  sulphate  in  the  form  of  a  powder  placed  on  the  back 
of  the  tongue  and  washed  down  with  a  little  water.  Gastro- 
intestinal lavage  was  then  begini  immediately  with  a  rubber  tube 
attached  to  a  tap,  and  the  dog  vomited  the  first  of  the  injected 
water  about  T)  minutes  after  the  strychnine  was  swallowed. 
About  4  liters  of  water  were  \oniited  by  the  dog.  incidentally 
bringing  away  15  Dipylidiiiin.  About  a  half  hour  later,  the  dog 
pitched  forward  in  the  characteristic  tonic  spasm  of  strychnine. 
While  still  rigid,  the  animal  was  picked  up  and  filled  full  of  cool 
water  by  rectum  till  it  vomited  once,  on  the  theory  that  the  cool 
water  filling  the  digestive  tract  might  exert  a  depressant  effect 
which  would  counteract  to  some  extent  the  stimulant  ofFect  of  the 


strychnine.  The  rigidity  soon  passed  away  and  the  animal 
showed  no  more  bad  effects  from  the  strychnine.  The  next  day, 
the  dog  was  running  about  and  eating  heartily.  The  dog  was 
killed  on  the  seventh  day  after  treatment  and  showed  a  normal 
digestive  tract  and  no  lesions  attributable  to  the  strychnine  or  the 
lavage.  There  were,  however,  95  Dipylidiuin,  many  of  them 
being  large,  complete  strobilae.  The  lavage  was  therefore  only 
14  per  cent  effective  against  Dipylidiuin.  The  dose  of  strychnine 
given  was  three  to  ten  times  that  regarded  as  a  lethal  dose,  and 
there  is  no  question  but  what  tlie  use  of  lavage  saved  the  life  of 
the  dog  in  this  instance.  Of  course,  in  practice  a  veterinarian  could 
not  get  to  a  dog  given  a  grain  of  strychnine  in  time  to  save  it  by 
lavage  or  any  other  method,  but  where  a  poison  is  still  present  in 
the  stomach,  the  use  of  lavage  appears  to  be  one  of  the  first  things 
indicated.  It  is  likely  that  the  simultaneous  use  of  apomorphine 
hydrochloride,  1/5  to  1/10  of  a  grain,  subcutaneously,  would  be 
of  value  in  this  connection,  but  the  apomorphine  alone  does  not 
seem  to  us  as  useful  as  the  combination,  because  it  is  possible  for 
drugs  of  varying  physical  composition  and  consistency  to  adhere 
to  the  stomach  walls  or  lie  along  the  greater  curvature  in  such  a 
way  that  mere  vomiting  will  not  remove  them,  and  actual  wash- 
ing with  large  amounts  of  water,  thereby  dissolving  the  drugs  or 
forcibly  washing  them  out,  is  called  for.  It  is  also  known  that 
apomorphine  may  fail  to  produce  emesis  in  narcotic  poisoning. 

In  passing,  it  might  be  noted  that  dogs  usually  offer  but  little 
resistance  to  gastro-intestinal  lavage,  and  that  those  which  are 
at  first  inclined  to  resist  become  very  subdued  during  the  course 
of  the  operation. 

An  examination  of  the  results  in  the  tests  of  lavage  alone  in 
the  foregoing  shows :  Five  dogs  were  washed  out  with  a  plentiful, 
but  unmeasured,  amount  of  tap  water,  and  killed  immediately 
after  treatment ;  the  treatment  was  0  per  cent  effective  against 
ascarids  once,  against  hookworms  once,  against  whipworms 
twice,  against  Dipylidiuin  twice,  was  50  per  cent  effective  against 
ascarids  once,  and  in  one  case  the  absence  of  worms  prevented 
any  conclusions.  Two  dogs  were  washed  out  with  8  liters  of  soap 
solution,  followed  by  a  half  liter  of  normal  saline,  and  in  one  of 
these  cases  this  in  turn  was  followed  by  an  indefinite  amount  of 
tap  water;  one  of  these  dogs  was  killed  on  the  third  day  and  the 


other  on  the  twelfth  day  after  treatment ;  the  treatment  was  0  per 
cent  effective  against  whipworms  in  both  cases  and  5  per  cent 
effective  against  hoolavorms  in  one  case.  Another  dog  was 
washed  out  witli  8  liters  of  tap  water;  the  dog  was  killed  the  next 
day  and  the  treatment  found  to  be  22  per  cent  effective  against 
Taitia.  One  dog  was  given  an  enema  with  an  indefinite  amount 
of  tap  water;  the  dog  died  the  fifth  day  after  and  the  treatment 
found  to  be  apparently  100  per  cent  effective  against  Dipylidium. 
Another  dog  was  washed  out  with  4  liters  of  tap  water ;  the  dog 
was  killed  7  days  later  and  the  treatment  found  to  be  14  per  cent 
effective  against  Dipylidium.  These  tests  on  9  dogs  show  a  per- 
centage efficacy  against  various  species  of  worms  of  zero  in  8 
instances,  of  5  in  1  instance,  of  14  in  1  instance,  of  22  in  1 
instance,  of  50  in  1  instance,  and  of  100  in  1  instance.  The  fact 
that  the  efficacy  is  zero  in  8  out  of  13  instances,  and  below  50  per 
cent  in  11  out  of  13  instances,  indicates  rather  definitely  that  this 
treatment  has  limited  anthelmintic  value. 

The  2  cases  where  drugs  were  added  to  the  lavage  must  be 
considered  rectal  medication  and  disregarded,  so  far  as  the  treat- 
ment called  gastro-intestinal  lavage  is  concerned,  and  the  treat- 
ment combining  lavage  and  male-fern  must  also  be  disregarded 
in  the  case  of  dog  No.  204,  so  far  as  the  efficacy  of  simple  gastro- 
intestinal lavage  is  concerned. 

It  will  be  noted  that  all  our  tests  deal  only  with  a  single  lavage 
treatment,  which  we  regard  as  a  fair  test,  although  Doctor  Quit- 
man states  that  he  likes  to  give  repeated  treatments.  In  this  con- 
nection we  also  note  the  following  statement  by  Quitman  (1917)  : 

"I  have  maintained  for  many  years  that  this  thing  of  giving 
one  or  two  doses  of  a  vermifuge  or  vermicide  and  then  consider- 
ing the  patient  free  from  worms,  is  an  ei;ror.  We  should  do  it, 
so  as  to  relieve  the  animal  as  quickly  as  possible  of  the  multitude 
of  parasites  that  he  perhaps  has  in  him,  but  there  is  no  vermicide 
that  destroys  the  ova.  What  are  we  going  to  do  as  these  ova 
hatch  out?  Oddly  enough,  according  to  my  observations,  it  seems 
that  adult  worms  succumb  more  readily  to  vermicides  than  do 
young  worms." 

We  are  in  entire  agreement  with  Doctor  Quitman  regarding 
the  inadequacy  of  considering  a  patient  free  from  worms  because 
anthelmintic  treatment  has  been  given,  or  even,  wc  niii;ht  add, 
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because  worms  have  been  passed  after  treatment.  V\  e  are  like- 
wise of  the  opinion  that  young  worms  are  more  resistant  to 
anthelmintic  treatment  than  are  mature  worms,  and  might  add 
further  than  we  agree  with  Railliet  (1915)  that  large  worms  are 
a])parently  more  vulnerable  than  small  ones.  But  we  do  not 
regard  the  fact  that  anthelmintics  are  innocuous  to  worm  eggs 
as  an  argument  in  favor  of  gastro-intestinal  lavage  or  against 
anthelmintics  in  single  or  repeated  doses.  Peristalsis  alone  will 
remove  these  eggs,  which  will  require  a  certain  length  of  time 
for  development  before  they  are  capable  of  infecting  another 
dog,  and  the  disposal  of  this  infective  material  is  a  problem  in 
sanitation,  not  a  matter  of  anthelmintics  or  lavage. 

The  use  of  gastro-intestinal  lavage  has  raised  in  our  mind 
some  questions  as  to  the  gastric  capacity  of  the  average  dog,  the 
gastric  capacity  per  kilo  of  weight  of  dog,  and,  incidentally,  the 
weight  of  the  average  dog.  These  are  matters  of  interest  in  com- 
paring anthelmintic  treatments  of  the  dog  and  of  man. 

In  the  work  on  anthelmintics  by  Hall  and  Foster  in  the  U.  S. 
Bureau  of  Animal  Industry  and  by  Hall  at  Detroit,  the  weight  of 
the  average  dog  has  been  arbitrarily  regarded  as  10  kilos  (23 
pounds),  with  the  idea  that  this  was  very  close  to  the  correct 
weight  and  was  a  convenient  figure  on  which  to  compute  doses. 
There  are  now  available  to  us  here  the  weights  of  200  dogs  on 
which  to  base  an  estimate  of  the  average  dog's  weight.  These 
dogs  were  from  the  Detroit  city  pound  and  may  be  regarded  as 
representative.  They  do  not  include  the  toy  varieties  on  the  one 
hand  nor  the  largest  breeds  such  as  the  Great  Dane,  St.  Bernard, 
or  Newfoundland  on  the  other,  two  groups  which  may  be  roughly 
regarded  as  offsetting  one  another.  The  smallest  dog  in  the  series 
weighs  3  kilos  and  the  largest  25  kilos.  The  average  weight  is 
10.57  kilos.  The  figures  warrant  the  designation  of  10  kilos  as  the 
weight  of  the  average  dog.  A  graph  indicates  that  the  peak  for 
number  of  dogs  of  given  weights,  also,  is  reached  around  10  kilos. 

Sisson  (1914)  says  of  the  dog: 

"The  stomach  is  relatively  large.  Its  capacity  in  a  dog  weigh- 
ing about  40  pounds  is  about  6  to  7  pints.  Colin  estimates  the 
average  capacity  at  about  3  liters  (ca.  63^  pints),  with  a  range 
between  0.6  and  8  liters  (ca.  IJ^  to  17J4  pints).  Neumayer  gives 
the   capacity   as    100   to   250   c.c.   per  kilogram   of   body-weight 


12 

(ca.  2. 7  ounces  per  pound  ).  The  average  capacity  of  the  human 
stomach  is  estimated  at  1.2  liters  (2JX  pints) — not  much  more 
than  a  third  of  that  of  a  dog  of  medium  size." 

Our  own  figures  are  based  on  the  measurement  of  the 
stomachs  of  25  dogs.  In  one  or  two  cases,  these  stomachs  were 
from  dogs  which  had  been  dead  a  matter  of  hours,  the  stomachs 
being  cold,  but  elastic  and  substantially  as  easily  measured  for 
capacity  as  the  stomachs  of  freshly  killed  dogs.  The  other 
stomachs  were  from  freshly  killed  dogs.  The  stomachs  were 
detached  at  the  entrance  of  the  esophagus  and  at  the  pyloric 
aperture  and  were  filled  with  water  until  the  stomach  was  full 
and  distended  with  the  weight.  This  water  was  then  poured  into 
a  large  graduate  and  measured.  The  table  of  weights  and  meas- 
urements is  as  follows : 

Capacity       W'eight 
Dog  No.       in  mils.         in  kilos. 


177 

1140 

18S 

1190 

184 

160 

18.5 

260 

187 

460 

18S 

470 

190 

1160 

191 

810 

192 

840 

10.1 

850 

1»4 

1S60 

1!).^, 

1210 

Capacity 

Capacity 

W'eight 

Capacity 

per  kilo. 

Dog  No. 

in  mils. 

in  kilos. 

per  kilo. 

■29.:, 

196 

1085 

9.5 

114.2 

76.0 

197 

.1100 

17 

182.4 

103.5 

19S 

47."i 

10 

47.5 

29.1 

200 

1300 

l.S..-) 

70.3 

30.6 

201 

1200 

11..-, 

104.3 

46.0 

209 

500 

9 

55.6 

52.2 

208 

475 

9.5 

50.0 

105.5 

207 

S70 

10.5 

35.2 

95.3 

205 

880 

7  75 

113.6 

80.0 

206 

780 

9 

86.6 

94.4 

203 

1250 

10 

125.0 

143.1 

204 

400 

n.5 

48.4 

121.0 

The  average  stomach  capacity  for  these  35  dogs  is  913.8  mils, 
and  the  average  capacity  per  kilo  of  weight  of  dog  is  81.6  mils. 
The  smallest  stomach  capacity,  160  mils,  and  the  smallest  capacity 
per  kilo,  29.1  mils,  are  those  of  the  smallest  dog.  No.  184,  weigh- 
ing 5.5  kilos,  the  stomach  of  which  was  cold  when  measured,  the 
dog  having  been  found  dead  instead  of  being  freshly  killed  as  in 
the  case  of  nearly  all  the  other  dogs.  The  largest  stomach  ca- 
pacity, 3100  mils,  and  the  largest  capacity  per  kilo.  182.4  mils, 
are  those  of  dog  No.  197,  weighing  17  kilos.  It  will  be  noticed 
that  this  is  not  the  largest  dog:  Dog  No.  200,  weighing  18.5  kilos, 
had  a  stomach  capacity  of  1300  mils  and  a  capacity  per  kilo  of 
70.3  mils,  while  the  largest  dog.  No.  175,  had  the  surprisingly 
small  stomach  capacity  of  560  mils  and  a  capacity  per  kilo  of  only 
29.5  mils. 

Taking  the  average  weight  of  a  dog  as  10  kilos,  an  assumption 
warranted  bv  our  weights  of  200  dogs,  and  the  average  capacity 
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per  kilo  as  81. G  mils,  as  determined  above,  the  average  capacity  of 
a  dog's  stomach  would  be  816  mils.  Taking  this  in  connection 
with  our  findings  of  913.8  mils  as  the  average  capacity  for  25 
dogs,  we  are  of  the  opinion  that  for  working  purposes  one  may 
assume  that  the  average  dog  weighs  10  kilos  and  has  a  stomach 
capacity  of  1  liter.  Our  figures  indicate  that  it  would  be  actually 
smaller  than  1  liter.  In  the  quotation  from  Sisson  (1914)  it  will 
be  noted  that  the  average  capacity  of  the  human  stomach  is  esti- 
mated at  1.2  liters.  We  find  that  some  texts  on  human  anatomy 
state  the  capacity  of  the  stomach  of  the  human  male  as  3.5  to  4 
liters.  It  would  appear,  therefore,  that  the  stomach  of  the  average 
dog  is  smaller,  not  larger,  than  that  of  the  average  person. 

For  the  convenience  of  those  unaccustomed  to  the  metric 
system,  it  may  be  stated  that  a  kilo,  or  kilogram,  is  equivalent  to 
2.2  pounds,  and  that  a  liter  is  equivalent  to  2.1  pints. 

Summary.  Experimental  investigations  of  various  procedures 
which  may  be  regarded  as  gastro-intestinal  lavage  in  the  sense  in 
which  the  term  is  now  used  among  American  veterinarians,  or 
some  modification  of  that  procedure,  have  been  made  by  us  in 
12  cases.    We  conclude  from  these  tests : 

1.  That  gastro-intestinal  lavage,  like  most  of  the  medicinal 
anthelmintics,  has  not  the  entirely  dependable  efficacy  which  is 
usually  credited  to  it  by  those  who  use  it. 

2.  That  it  has  a  certain  limited  efficacy  in  removing  worms 
and  that  it  might  be  of  value  in  anthelmintic  treatment  in  one  of 
several  ways  ;  by  mechanically  removing  part  of  the  worms  present 
at  times,  or  all  of  them  less  frequently,  by  removing  material  that 
interfered  with  the  action  of  medicinal  anthelmintics,  or  by  em- 
ployment as  a  means  of  administering  medicinal  anthelmintics  in 
properly  selected  cases.  Its  anthelmintic  value  is  less  than  that 
of  properly  selected  medicinal  anthelmintics  in  suitable  doses. 

3.  That  it  probably  has  greater  value  in  cases  of  poisoning  in 
dogs  or  cats,  animals  which  are  often  poisoned,  where  the  lavage 
can  be  given  in  time  to  wash  out  some  or  all  of  the  poison  from 
the  digestive  tract  before  the  absorption  of  a  lethal  dose.  Where 
it  could  be  applied  promptly  we  would  regard  it  as  a  procedure  of 
great  value. 

4.  That  it  is  temporarily  very  depressing  and  may  at  times 


cause  rupture  of  the  intestinal  walls  from  the  water  pressure,  or 
hemorrhage  of  the  stomach  from  protracted  forcible  emesis. 

5.  That  the  treatment  is  easy  and  rapid  with  some  dogs,  but 
slow  and  tedious  with  others. 

Investigations  based  on  the  weights  of  200  dogs  indicate  that 
for  practcial  purposes  the  weight  of  tlie  average  dog  is  about  10 
kilos ;  investigations  based  on  the  above  and  on  the  measurement 
of  35  dog  stomachs  indicate  that  the  gastric  capacity  of  the 
average  dog  is  about  1  liter  and  that  the  gastric  capacity  of  the  av- 
erage dog  per  kilo  of  body  weight  is  about  100  mils.  The  exact 
computed  weight  is  a  little  over  10  kilos  and  the  exact  computed 
capacity  and  capacity  per  kilo  are  a  little  less  than  these  figures. 
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THE  TREATMENT  OF  BURNS  BY  THE  APPLICATION 
OF  PARAFFIN. 

By  George  Irving  Walters,  Ph.D.,  M.D. 

[From  the  Research  Laboratory,  Parke,  Davis  &  Company,  Detroit,  Michigan.] 

Protective  substances  in  the  treatment  of  burned  or  severely 
irritated  tissue  areas  have  been  recognized  as  an  important  thera- 
peutic means  of  handhng  a  most  discouraging  surgical  condition 
for  many  years,  and  the  wide  diversity  of  end  results  has  tended 
to  keep  the  subject  before  surgical  research  bodies  in  some  degree 
much  of  the  time. 

Oils,  chemicals  and  emollients,  plastic  applications,  thermic 
air  baths,  under-water  treatments,  and  wax,  have  all  been  experi- 
mentally tried,  adopted  for  a  moment,  so  to  speak,  and  as  quickly 
laid  aside  because  of  the  unsatisfactory  and  inconsistent  results 
obtained. 

Recent  literature  is  replete  with  information  concerning  the 
treatment  of  burns  with  paraffin  preparations.  While  many  good 
results  are  to  be  found  among  cases  which  have  been  treated  by 
almost  any  of  the  above  mentioned  methods,  none  have  shown 
the  consistently  satisfactory  results  which  paraffin  application  has 
produced,  though  even  in  this  treatment  the  final  efifect  varies 
with  certain  factors,  which  it  is  the  intent  of  this  paper  to  show. 

The  action  of  most  of  these  substances  is  based  upon  the 
purely  mechanical  properties  of  the  paraffin  base  (Hull).  It 
would  seem,  therefore,  that  if  such  is  the  case  and  the  results 
heretofore  obtained  are  really  as  good  as  reports  credit  them  with 
being,  a  substance  having  certain  active  therapeutic  properties 
would  be  even  more  brilliantly  successful.  Experiments  here- 
inafter quoted  show  this  to  be  true.  Of  the  work  already 
accomplished  by  paraffin  substances  little  need  here  be  said,  since 
it  is  the  subject  of  innumerable  reports  in  other  periodicals.  The 
conclusions  already  drawn  from  these  experiments  show  that  the 
action  of  the  better  known  paraffin  preparations  is  as  follows : 


1.  Mechanical,  consisting  of  (a)  splint-like  control  of  local 
nervous  reactions;  (b)  protection  of  wound  from  air  and  external 
influences. 

3.  Apparently  therapeutic:  (o)  Encouragement  of  new  gran- 
ulations; (b)  analgesic;  (c)  cicatrization  greatly  eliminated; 
(d)  grafting  of  skin  often  unnecessary. 

Beiter  attempts  to  prove  by  certain  experiments  with  paraffin 
immersed  in  water  that  the  ingredients  held  in  the  paraffin  base 
are  released  only  in  infinitesimal  amount,  and  after  two  and  a 
half  hours  fail  to  show  any  accumulation  in  the  liquid.  However, 
specimens  immersed  in  serums  and  saline  solutions  tend  to  show 
that  while  the  amount  released  from  the  paraffin  is  comparatively 
low,  there  is  sufficient  to  promote  therapeutic  reactions  which  are 
very  desirable  and  a  distinct  advantage  in  the  product. 

These  experiments  follow : 

Experiment  No.  i. 

A  paraffin  mixture  "G"  infra,  containing  salicylic  acid,  was 
immersed  in  normal  horse  serum  and  let  stand  at  room  tem- 
perature for  two  hours.  At  the  end  of  fifteen  minutes  a  strong 
ferric  chloride  test  reaction  was  obtained  which  steadily  increased 
during  the  two  hours,  although  the  container  was  undisturbed 
and  no  effort  at  shaking  down  the  substance  was  made.  It  was 
then  incubated  at  37°  C.  for  twenty-four  hours,  and  occasional 
observations  proved  that  considerable  salicylic  acid  was  released 
at  each  reading.  The  paraffin  when  removed  to  another  vessel  at 
the  end  of  twenty-four  hours  still  released  some  acid,  but  the 
action  of  the  fluids  upon  the  paraffin  was  not  thoroughly  tested. 
The  external  surface  of  the  paraffin  appeared  somewhat  granular. 

Experiment  No.  2. 

Paraffin  mixture  "E,"  to  which  methylene  blue  was  added, 
was  immersed  in  serum  as  before,  and  placed  at  room  tempera- 
ture for  two  hours.  At  the  end  of  one  hour  the  serum  was  a 
distinct  blue,  which  increased  proportionately  during  the  suc- 
ceeding hour,  when  the  container  was  placed  in  the  incubator  at 
37°  C.  This  experiment  showed  conclusively  that  the  paraffin 
continued  to   release   the   blue    for  several   hours,   and   that   the 
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material  released  was  sufficient  to  have  some  medicinal  effect  was 
illustrated  by  the  following  experiment. 

Experiment  No.  j. 

Saline  solution  to  which  methylene  blue  had  been  added  by 
immersion  of  preparation  used  in  Experiment  2  was  added,  and 
was  injected  subcutaneously  in  a  dog  weighing  8  kilogrammes. 
At  the  end  of  tliree  hours  a  distinct  blue  was  noted  in  the  urine. 
The  experiment  was  also  tried  by  laying  a  piece  of  paraffin  in  the 
subcutaneous  tissue  and  closing  the  wound  with  sutures.  Staining 
of  the  adjacent  tissues  was  also  sufficient  to  demonstrate  histo- 
logical structure.  The  appearance  of  the  paraffin  showed  whitened 
granular  surfaces  and  a  somewhat  deeper  exudative  process  than 
might  be  expected.  It  is  evident  that  the  area  of  the  exposed 
surface  is,  however,  a  very  potent  factor.  The  local  absorption, 
however,  is  sufficient  for  desirable  therapeutic  action,  is  the  belief 
of  the  writer. 

Following  the  requirements  which  a  study  of  wounds  suggests 
(Fauntleroy,  Arthur),  a  preparation  known  as  Paraffin  "E"  in 
this  study  was  formulated,  and  given  extensive  tlierapeutic  trials 
in  various  emergency  clinics,  as  well  as  upon  laboratory  animals. 
The  results  were  most  gratifying.  Under  certain  conditions 
paraffin  preparations  may  be  of  doubtful  value.  Like  all  medical 
and  surgical  values  it  is  capable  of  many  contradictory  results, 
and  care  in  technique  with  intelligent  observation  has  much  to  do 
with  tlie  results.  The  scientific  preparation  of  the  substance  to 
be  applied  in  the  treatment  is  primarily  essential. 

The  main  considerations  in  tlie  preparation  of  a  substance  of 
this  character  are  as  follows: 

1.  Aseptic  cleansing  of  wound. 

2.  Drying  and  protection. 

3.  Flexibility  of  dressing. 

4.  Cohesion. 

5.  Adhesion. 

If  paraffin  preparations  are  applied  in  an  even,  thin  layer, 
forming  a  complete  covering  of  the  wound,  the  result  will  be  as 
surely  compatible  with  the  requirements  3,  4,  and  5  as  though  a 
heavy  layer  had  been  added.  In  fact,  it  is  obvious  tliat  a  number 
of  layers  applied,  one  superimposed  upon  the  other,  only  tends  to 
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'stiffen  the  dressing,  much  as  though  a  portion  of  the  cake  had 
been  laid  directly  upon  it  without  proper  heating.     The   result 
would  be  only  failure  in  some  of  the  most  desirable  features  of 
the  treatment. 

The  value  of  paraffin  as  a  dressing  has  only  recently  received 
its  merited  attention,  and  a  study  of  cases  in  which  it  has  been 
tried  reveals  several  well-established  cures  which  assume  to  a 
remarkable  degree  the  appearance  of  fiction-like  exaggerations. 
It  is  due  to  this  that  some  highly  colored  and  ver\-  impossible 
reports  have  been  given  wide-spread  advertising  and  undesirable 
credence  by  those  ignorant  of  the  real  conditions  involved  in 
surgical  tlierapeutics.  It  should  be  remembered  that  a  natural 
course  of  normal  tissue  repair  must  be  brought  about  by  en- 
couraging growth  metabolism  under  desirable  and  protective 
influences.  This  is  the  action  of  the  various  paraffins  in  greater 
or  less  degree,  and  these  preparations  have  been  tested  severely 
for  their  mechanical  and  therapeutic  values. 

The  formulae  tried  in  these  experiments  are  briefly  sum- 
marized in  the  following  list,  which  covers  fairly  well  the  principal 
paraffins  now  to  be  found  in  certain  well-known  clinics: 

Paraffin  "A." 

Resorcin,  1  per  cent. 
Eucalyptus  oil,  2  per  cent. 
Olive  oil,  5  per  cent. 
Paraffin  molle.  25  per  cent. 
Paraffin  durum,  67  per  cent. 

Paraffin   "B." 

Paraffin  (51°  C),  70  grammes. 
Liquid  petrolatum,  U.  S.  P.,  3.0  Cc. 
White  bccswa.x,  1(1.0  grammes. 
Resin,  7.0  grammes. 
Resorcin.  0.2  gramme. 
Sudan  III,  0.05  gramme. 
Alcohol,   10.0  Cc. 

Paraffin  "C." 
Paraffin. 
Resins. 

Not  analyzed,  but  IuuimI  to  be  (|uite  unstable  in  its  constituency,  the 
ingredients  separating  out  upon  heating,  leaving  the  pure  wax  practically 
unadulterated  liv  any  substance  whatever. 
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Paraffin  "D." 
Paraffin,  94-96  per  cent. 
Gum  elemi,  0.20-25  per  cent. 
Japan  wax,  0.40-SO  per  cent. 
Asphalt,  0.20-25  per  cent. 
Eucalj-ptol,  2.0  per  cent. 
Color  with  0.5   to   1.0  per   cent  solution  alkannin   in   eucalyptol  and 
minute  quantity  gentian  violet. 

Paraffin  "E." 

Paraffin  durum,  about  75  parts. 

Paraffin  moUe,  25  parts. 

Olive  oil,  5  per  cent. 

High  phenol  coefficient  oil;  proportion   (1  :200'). 

Chloretone,  about  10  per  cent. 

Colored  with  Scharlach  R  in  alcohol. 
Paraffin  "F." — Same  as  "E,"  with  solid  extractives  added. 
Paraffin  "G." — Same  as  "F,"  with  salicylic  acid,  about  3  per  cent. 

The  greatest  objections  to  paraffins  A,  B,  C,  and  D  seem  to 
lie  in  the  fact  that  they  contain  incompatible  substances  which 
precipitate  as  soon  as  the  paraffin  bases  are  melted  so  that  they 
are  freed.  Preparations  E  and  F  were  stable  and  homogeneous 
throughout  all  experimental  trials.  The  case  reports  here  given 
suggest  proof  of  their  varying  values  as  therapeutic  and  surgical 
appliances. 


Showing  paraffin  "F"  after  cooling  in  glass  jar.     The  mass  is  perfectly 
homogeneous.     No  precipitation. 
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Case  I. — Male,  thirty-one  years  of  age.    Accidental  amputa- 
tion of  four  fingers  of  right  hand  at  phalangometacarpal  articu- 
lations.     Bones    clean    and    protruding.      Surrounding    tissues 
receding,  slightly  lacerated.     In  order  to  make  a  flap  it  would 


Sections  showing  comparison  between  perfectly  suspended  ingredients  and  precip- 
itated ingredients  in  melted  paraffins  allowed  to  cool  without  stirring.  "A"=paramn 
B;  "B"=paraffin  D;  "C'^paraffin  E,  without  coloring  matter. 

have  been  necessary  to  amputate  a  portion  of  each  metacarpal, 
destroying  the  otherwise  complete  palm.  At  the  suggestion  of 
the  surgeon  in  charge  the  hand  was  dressed  widi  paraffin  "A" 
daily.  No  infection  developed,  and  normal  granulation  with  skin 
growth  from  edges  of  the  wound  showed  complete  healing  with 
no  noticeable  scar  in  about  four  weeks. 

It  will  be  noted  that  skin-grafting  was  unnecessary,  although 
a  considerable  portion  of  skin  tissue  was  absolutely  destroyed. 
Also  no  keloid  developed. 

Case  2. — Male,  aged  thirty-two.  Indolent  ulcer,  about  5  or 
6  square  inches,  following  compound  comminuted  fracture  of  the 
tibia. 

This  case  had  resisted  all  treatment  until  a  dressing  of  paraffin 
medicated  with  salicylic  acid  and  hemostatic  scrum  precipitates 
(Paraffin  "G")  was  applied.    The  wound  cleaned  up  with  fresh 


granulations  in  ten  days,  and  one  month  from  the  date  of  initial 
application  the  ulcer  had  completely  healed.  This  serum-paraffin 
was  suggested  by  the  marked  action  of  serum  upon  similar  ulcers 
as  tried  previously  in  hemostatic  experiments. 

Case  5. — Male,  aged  forty-four.  Bum  of  second  degree  in- 
volving inner  aspect  of  thighs  and  about  pubic  region  from  gaso- 
line explosion. 

This  case  was  dressed  with  paraffin  "F"  daily,  and  discharged 
cured  in  three  weeks.  The  skin  developed  from  islets  as  ex- 
pected, and  scar  tissue  did  not  appear. 

In  the  treatment  of  bums  several  statements  recently  made 
concerning  the  efficacy  of  paraffin  preparations  as  being  due  solely 
to  mechanical  causes  led  the  author  to  investigate  this  phase  of 
the  matter. 

Samples  of  various  formula  were  made  up  in  the  laboratory 
and  stock  market  products  were  procured.  The  results  are  in- 
structive and  highly  interesting.  In  this  I  had  the  cooperation 
of  Dr.  H.  N.  Torrey,  Dr.  Stilwell,  and  Dr.  Dibble,  of  Detroit. 

TABLE    SHOWING    CASE    RESULTS    SECURED    WITH    THE    VARIOUS 
PARAFFIN  PREPARATION  FORMULA  GIVEN  ABOVE. 


Second  degree  burn  on 
leg  about  12  sq.  in.  cir- 
cular margin. 

Second  degree  burn 
from  gasoline.  About 
40  sq.  in.,  8^2  in-  aver- 
age width. 


Third  degree  lesion 
from  corrosive  poison 
injected  by  accident. 
A  circular  depressed 
wound  about  j^  inch 
deep  and  2  inches 
diameter. 

Second  degree  burn,  <J 
inches  wide;  oval,  8 
inches  long. 


Second      degree 
about  26  sq.  in 


Upon  admission. 


Third  day. 
Necrotic  slough 
profuse. 


On  admission. 

Tissues  non-puru- 
lent. Dead  tis- 
sues sloughing. 


Seventh  day. 

Tissues    infected 
slightly;    suppur- 
ation established. 

Second  day. 


Vi  area  with  "C 
^  area  with  "F.' 


•/2  paraffin  "B." 
!/2  paraffin  "E." 


".\"  healed  in  24  days. 
"E"  healed  in  21  days, 
no  cicatrix. 

"C"  showed  clean  stronft 
granulations  on  8th  day, 
healed  32d  day.  "F" 
showed  clean  granula- 
tions 5th  day,  healed  on 
28th  day. 

Daily  dressings  cleaned 
wound  in  14  days.  Heal- 
thy granulations  and 
complete  healing  in  87 
days. 


'B"  cleaned  up  in  5  davs. 
healed  17  days  later.  "E" 
cleaned  up  in  4  days, 
healed  16  days  later. 

'D"  granulations  clean 
and  healthy  Tth  day. 
healed  29th  day.  "E" 
granulations  clean  and 
healthy  7th  day,  healed 
27th  day. 


It  will  be  seen  from  this  table  that  in  every  instance  the 
paraffin  containing  a  high  phenol  coefficient  tended  to  exhibit 
a  constant  superiority  in  germicidal  action,  and  in  the  case  of 
preparation  "F"  containing  a  certain  suspension  of  serum  deriva- 
tives the  progress  of  the  wound  repair  was  markedly  more  rapid 
than  with  the  other  preparations. 

It  has  been  demonstrated  above  that  the  release  of  salicylic 
acid  from  properly  balanced  paraffin  bases  is  brought  about  in 
sufficient  quantities  to  have  a  very  desirable  inhibitive  effect  upon 
bacterial  growth. 

This  is  also  seen  bv  transplants  from  cultures  incul)atcd  upon 
serum  paraffin  bases  for  twenty-four  hours  to  which  germicides 
were  added. 

It  was  mentioned  above  that  many  of  the  paraffin  prepara- 
tions are  not  made  up  with  soluble  materials,  the  ingredients 
settling  out  uj)on  heating  the  paraffin  base.  This  is  not  the  case 
with  preparations  "E."  "F,"  and  "G,"  which  remain  a  homo- 
geneous mass  when  heated  in  the  hot-water  bath  to  the  melting 
point.  It  was  seen,  however,  that  when  melted  over  a  flame  the 
hot  dish  had  a  tendency  to  not  only  crystallize  the  paraffin,  but 
coagulate  certain  ingredients  and  create  a  precipitation.  It  ap- 
pears to  the  writer  that  if  the  material  is  used  in  the  proper  man- 
ner it  will  prove  to  be  much  superior  to  most  of  the  substances 
now  at  the  command  of  the  surgeon,  and  many  of  the  very  plaus- 
ible objections  being  offered  will  be  found  to  be  of  very  slight 
effect. 

Of  the  method  of  application  now  in  vogue  nothing  need  be 
said  except  that  in  the  experience  of  the  writer  and  his  associates 
cotton  has  been  discarded  and  sterile  gauze  in  a  single  thickness 
used  between  the  first  and  second  layers  of  the  paraffin  to  give  it 
"body."  This  does  not  stiffen  so  readily  as  cotton,  and  being 
more  permeable  gives  a  clean,  even,  and  homogeneous  mass  to 
the  dressing,  which  is  not  only  easy  to  apply  and  remove,  but  very 
neat  and  attractive  as  well. 
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Variations  in  the  coagulating  power  of  the  blood  are  en- 
countered in  diverse  manifestations  of  practical  medicine.  Ex- 
cessive hemorrhages  supervening  upon  a  solution  of  continuity 
of  the  vascular  walls,  produced  by  traumatic  or  pathological  pro- 
cesses, indicate  diminished  coagulability  of  the  blood.  Excessive 
transudation  of  lymph  (serous  hemorrhage)  is  intimately  asso- 
ciated with  this  condition. 

It  also  seems  established  beyond  dispute  that  one  of  the  most 
important  factors  of  success  and  low  mortality  in  modern  surgery 
is  the  proper  coagulation  time  of  the  blood.  Indeed  the  most  ideal 
conditions  for  an  operation  are  intimately  connected  with  the 
coagulability  of  the  patient's  blood.  For  these  reasons  a  study 
of  those  agents  which  may  enable  one  to  attain  this  end  is  timely 
and  interesting. 

HISTORY    AND   DESCRII'TION. 

In  all  cases  of  hemorrhage,  the  blood  as  it  collects  about  the 
open  wound  should  form  an  adhesion  thrombus  or  coagulum  by 
virtue  of  its  inherent  physiological  properties,  seal  the  openings 
in  the  vessels  and  prevent  further  flow.  The  formation  of  this 
coagulum  depends  upon  the  production  of  fibrin  brought  about 
by  the  action  of  fibrinogen  and  fibrin  ferment  (thrombin). 

Thrombin  is  a  product  of  blood  coagulation.  Fibrinogen  and 
calcium  are  recognized  constituents  of  the  normal  blood.  In  the 
process  of  coagulation  thrombin  is  produced  either  from  the 
combined  action  of  basic  elements  in  the  blood  or  the  near-by 
tissues. 

Thrombin  ( Howell')  is  a  derivative  of  prothrombin  (profer- 
ment) which  is  associated  with  an  antiferment  which  maintains. 


under  suitable  physiological  conditions,  an  ideal  equilibrium. 
According  to  this  theory  a  thromboplastic  substance  {infra)  neu- 
tralizes the  antithrombin  normally  in  the  circulating  blood  and 
thereby  permits  the  interaction  of  calcium  and  prothrombin  which 
initiates  the  coagulation  process.  In  the  presence  of  an  excessive 
amount  of  antithrombin  the  reverse  is  true. 

A  general  review  of  hemostatic  therapeutics  elicits  many  very 
striking  differences  of  opinion  both  as  to  the  cause  and  treat- 
ment of  hemorrhage.  This  is  due  in  great  measure  to  the  many 
diverse  theories  of  the  physiology-  of  the  circulation  and  the  path- 
ologj'  of  the  blood  constituents.  Recent  investigations  have  shed 
considerable  light  upon  these  theories.  Variously  stated,  the 
coagulation  of  the  blood  is  brought  about  according  to  the  follow- 
ing illustrated  table  of  consecutive  chemical  processes,  which  is 
based  upon  final  results  in  the  study  of  prothrombin  (Howell, 
loc.  cit.)  : 

Thrombogen 
(Leukocytes  and 
Platelets) 

Thronibokinase 
(Platelets  and 

tissue)  Thromboplastic  substance 

N'eutralizing 

.•\ntithronibin  Prothrombin 

combining 
with  Calcinm  Thrombin 

Fibrinogen         Fibrin 
Clot 

]n  tact,  Ihronibin  is  shown  by  the  tolhjwing  ei|ualion  : 


(OrRanic 

1  ■- 

(CclUilarl 

Inorganic 

(Tliromboplaslic 

or  Antillln 

□inbin' 

)    f    (Prothrombin 

1   +    Calcium)    =  Thrombi. 

Substance) 

(Pl.isr 

na) 

(Cellular) 

(Blood  plasni.T) 

From  this  it  will  l)e  seen  that  ])rimarily  the-  i|iianliiy  of  pro- 
thrombin or  actual  fibrin  proferment  present  within  the  blood  de- 
pends upon  the  properly  balanced  proportions  of  thrombo])lastic 
sul)Slance  and  antithrombin,  an  excess  of  the  first  increasing  the 
prothrombin  quotient  by  partial  neutralization,  or  vice  versa. 
Thronihoplastin,  or  more  iirnpcrly  thronibokinase  f Howell'), 
and  rintithriiinliiii    (  I  luw  rll '  i ,   while   easih'   il(iniin>tratcd    in   the 
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blood  serum,  have  the  unsatisfactory  relationship  to  practical 
biochemical  products  of  purely  hypothetical  substances.  For  this 
reason,  general  interest  in  the  biochemical  features  of  blood 
coagulation  as  related  to  hemorrhagic  diatheses  has  been  limited 
to  a  few  conscientious  investigators  who  have  attempted  to  arrive 
at  some  acceptable,  non-contradictory  evidence  of  an  actual  hemo- 
static or  coagulating  agent  in  the  blood  stream. 

Starting  with  the  first  step  in  clot  production  following  solu- 
tion of  continuity  in  the  vessel  wall  from  any  cause,  certain 
authors  (Brodie,^  HowelP)  presuppose  a  thromboplastic  sub- 
stance derived  from  thrombogen  (nucleohistone)  (Luciani-") 
and  thrombokinase.  Thrombogen,  it  has  been  assumed,  after 
various  researches,  is  derived  from  the  white  cells,  and  possibly 
the  platelets  and  the  injured  tissue  cells,  with  which  the  blood 
comes  in  contact  during  active  hemorrhage.  The  various  theories 
are  well  summarized  as  follows  (Drinker  and  Drinker'')  : 

(a)  Prothrombin  arises  from  all  the  formed  elements  of  the 
blood. 

(h)   Prothrombin  arises  from  the  le'ucocytes. 
((■)    Prothrombin  arises   from   the  platelets — (1)    which   are 
produced  by  leucocytes  and  erythrocytes;    (2)   which  are  inde- 
pendent elements. 

(d)  The  formed  elements  of  the  blood  have  nothing  to  do 
with  clotting. 

(c)  Prothrombin  cannot  be  obtained  from  blood-free  tissue, 
so  its  fource  of  origin  must  be  in  the  blood  itself. 

Howell,''  attempting  to  discover  the  source  of  prothrombin, 
was  unable  to  determine  positively  its  specific  source.  Lymph, 
bone-marrow  (Drinker,  he.  cit..  Duke,"  Nolf")  :  leucocytes 
(Morawitz,'  Bordet  et  Delange*)  ;  platelets  (Wright,"  Morawitz.' 
Nolf,"  Bayne-Jones,"  Deetjen,"  Dukei-*)  ;  liver  (Nolfi=) — these 
are  some  of  the  many  sources  variously  mentioned  from  which 
this  substance  is  derived,  and  in  each  case  some  plausible  ex- 
planations are  submitted. 

Assuming,  however,  that  somewhere  out  of  this  maze  the 
source  of  prothrombin  may  be  definitely  shown,  we  have  another 
factor,  and  a  somewhat  more  potent  one,  with  which  to  contend. 
This  is  antithrombin,  which  may  or  may  not  vitiate  the  results 


possible  with  tlie  clot  ferment.  When  this  anti ferment  is  physi- 
ologically proportioned  to  the  thromboplastic  content,  the  result- 
ing proferment,  combined  with  a  certain  necessary  physiologically 
balanced  amount  of  calcium  from  the  soluble  lime  salts  normally 
in  the  blood  stream,  releases  thrombin  which,  acting  upon  fibrino- 
gen in  the  manner  of  a  ferment  or  catalyzer,  changes  it  to  fibrin. 
A  clot  is  the  ultimate  result. 

Antithrombin  has  been  shown  to  have  a  remarkably  high 
counter-active  potency  against  thromboplastic  ferment  (How- 
elP),  and  paradoxical  as  it  may  seem  the  thrombin  ferments  as 
a  rule  have  a  comparatively  low  potential  when  opposed  to  anti- 
thrombin. 

It  is  therefore  evident  that  in  order  to  coimtcract  the  sub- 
stance antithrombin,  a  more  concentrated  elemental  factor  re- 
sembling the  kinase  is  required. 

Much  work  bearing  on  the  source  of  antithrombin  has  been 
done,  with  the  result  that  many  workers  (Howell,''  Rich,'"  and 
others)  have  demonstrated  that  the  liver  and  intestinal  glands  are 
responsible  to  a  great  extent  for  its  production.  Rich,"  however, 
showed  during  experiments  to  determine  the  nature  and  proper- 
ties of  metathrombin  that  these  glands  arc  not  entirely  responsi- 
ble, as  complete  occlusion  of  the  vessels  below  the  head  blood 
supply  did  not  stop  antithrombin  production  in  the  head  circula- 
tion. In  view  of  this  fact  we  must  qualify  the  theory  formerly 
advanced,  at  the  same  time  accepting  it  in  the  main,  since  it  has 
not  been  demonstrated  that  the  major  portion  of  the  substance 
antithrombin  is  not  generated,  as  shown  by  Howell.* 

From  the  foregoing  it  will  be  seen  that  coagulation  of  the 
blood  depends  to  no  little  extent  upon  the  thrombokinetic  co- 
efficient of  the  serum.  This  is  evidenced  in  the  many  cases  of 
thrombosis  in  active  febrile  diseases  where  tissue  destruction  is 
pronounced  (Mazentie"),  and  is  also  shown  to  be  more  powerful 
in  autogenous  than  in  heterogenous  transplantations.  This  ex- 
plains the  many  good  results  recorded  of  the  use  of  fat  and  tissue 
lr,insi)lants  for  hemostatic  purposes  (Rislcy,-''  ."^acca,-''  1  lorslcy,'"'' 
and  others). 

in  this  laboratory  are  the  ba^is  for  many  of  tbc  .irgumeiUs 
.III-  in.nilc.  and  ihcsc  arc  rcporlcil  hcrcinaflcr. 


Working  on  this  theory,  the  senior  author  of  this  article  has 
demonstrated  a  newly  isolated  blood  derivative  which  may  easily 
be  looked  upon  as  the  product  of  the  coagulation  process  in  that 
it  undoubtedly  contains  the  specific  thrombokinetic  substance  in 
nearly  its  pure  form,  in  addition  to  the  proferment  prothrombin. 

General  Properties. — This  new  substancef  is  a  clear  light 
amber-colored  solution  containing  the  specific  antagonist  to  anti- 
thronil)in.  In  relatively  minute  quantities  this  substance  has  pow- 
erful specific  action  and  represents  ideally  many  of  the  require- 
ments of  a  blood-coagulating  agency.  When  properly  protected 
from  the  action  of  heat  it  is  perfectly  clear.  This  makes  it  phys- 
ically adapted  to  intravenous,  subcutaneous,  intraspinous,  or  intra- 
peritoneal use.  There  is  no  inconvenient  waitin^^  while  solution 
is  being  accomplished,  and  a  possible  source  of  contamination  is 
thus  removed-  Physiologically  its  action  brings  up  many  features 
which  tend  to  throw  light  upon  certain  of  the  coagulation  pro- 
cesses. Before  going  into  the  details  of  the  experimental  work 
carried  out,  the  authors  wish  to  preface  the  work  with  the  fol- 
lowing scheme  as  worked  out  by  Luciani,-"  which  seems  intelli- 
gently to  sum  up  the  preceding  research  conclusions  explicitly 
and  lay  the  way  open  for  a  definite  working  plan : 

NUCLEOHISTONE. 
(Paralyzes  the  action  of  leukonuclein.) 


Leukonuclein.  Histone. 

(In  the  presence  of  ca-ions  becomes       (Arrests   splitting  of   nucleohistone 
a  coagulating  ferment.)  an'':     paralyzes     action     of     leuko- 

nuclein.) 

The  predominance  of  one  or  other  of  these  three  subsfanres 
gives  rise  to  various  normal  or  abnormal  states  of  the  blood  which 
can  be  tested  quite  easily  by  injections  of  albumose  or  similar 
reagents. 

The  part  which  each  takes  in  the  coagulation  process  has  been 
the  subject  of  innumerable  studies,  .\ddis-'  and  Morawitz""  both 
show  that  the  addition  of  calcium  has  been  found  not  only  not  to 

s  the  name  by  which  this  sub- 
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hasten  coagulation  but  actually  to  delay  it  in  many  cases.     As  a 
rule  physiological  quantities  of  calcium  are  present,  cases  of  cal- 
cipriva  hemophilia  being  rare  (Hess'"). 

Coagulating  Power. — Comparative  observations  on  animals 
were  made  with  standard  hemostatic  and  blood  coagulation 
agents,  under  parallel  conditions.  The  anesthetics  used  were 
ether,  chloroform,  trichlortertiarybutyl  alcohol,*  and  the  stand- 
ard A.  C.  E.  mixture.  In  most  cases  a  preliminary  hypodermic 
of  morphine  sulphate  was  given  three-quarters  of  an  hour  before 
the  time  set  for  the  anesthetic.  The  various  results  are  shown  in 
detail.  The  coagulation  times  were  all  taken  with  Bogg's  modi- 
fication of  the  Brodie-Russell  coagulometer,'^  and  in  many  in- 
stances checked  by  the  Bit^-Brooks  instruments  and  lest-tubc 
method  of  Howell. 

Since  the  results  with  these  methods  showed  no  appreciable 
variations  the  report  will  be  confined  to  estimations  by  the  Brodie- 
Russell-Bogg  instrument,  which  is  deemed  most  reliable  by  the 
authors  in  that  the  various  physical  changes  are  constantly  before 
-the  operator,  and  such  technical  differences  as  are  eft'ected  by 
the  amount  of  blood  observed,  intermediate  coagulation  process, 
temperature,  etc.,  may  be  compared  in  the  various  specimens. 

The  wounds  were  made  with  a  sharp  pair  of  dissecting  scis- 
sors on  the  anterior  and  lateral  margins  of  the  right  lobe  of  the 
liver.  Comparative  observations  were  made  with  other  well- 
known  coagulating  agents,  separate  wounds  being  cut  fur  each 
observation.  (Care  was  observed  to  wall  off  the  pre\  ionsly  in- 
jured area  and  clean  the  field  before  making  new  wounds.)  Ether 
and  chloroform  anesthesia  was  employed  in  these  operations  as 
a  rule;  where  any  other  anesthetic  material  was  used  ii  will  lie 
mentioned. 

I'rolocol  I. 

The  local  hemostatic  effect  of  the  substance  was  tested  by 
a])plicatir)n  on  gauze  to  a  resection  of  the  liver  a]>i)roximatcly 
half  an  inch  in  depth.  The  degree  of  hemostasis  is  indicated  by 
X,  XX,  and  .\xx.  X  indicates  slight  tendency  to  iininobilize 
exudate  which  was  pushed  away  by  Iica\y  blood-tlow;  xx  indi- 
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cates  hemorrhage  held  for  half  a  minute  or  more ;  xxx  indicates 
permanent  clot  formed.  Products  A  and  B  at  the  end  of  one- 
half  minute  showed  hemostasis  of  the  x  degree  and  after  1^4 
minutes  xx.  The  experimental  serum  derivative  after  half  a 
minute  showed  xx,  and  after  1%  minutes  xxx. 

The  technique  has  much  to  do  with  the  results  obtained  in 
this  procedure.  In  applying  the  material  the  gauze  should  be 
applied  directly  to  the  wound  and  firmly  held  there  for  the  inter- 
val of  time  desired,  after  which  it  should  be  carefully  removed, 
avoiding  any  wiping  effect  by  lateral  motion,  since  this  serves 
to  brush  away  any  formed  thrombus.  In  order  to  ascertain 
whether  any  increased  action  might  be  expected  from  a  prelim- 
inarv  injection  the  following  experiment  was  tried : 

Protocol  II. 

This  was  an  experiment  to  determine  the  effect  of  local  appli- 
cations after  preliminary  injection  of  1  Cc.  of  the  substance  20 
minutes  before  work  was  begun.  The  hemostatic  effect  of  the 
various  materials  tested  may  be  designated  as  follows : 

Product  A,  after  yi  minute,  x. 

Product  B,  after  i/^  minute,  xx ;  after  1  minute,  xxx. 

Product  C,  after  J4  minute,  xxx. 

Experimental  serum  derivative,  after  i^  minute,  xxx. 

Adrenalin,  after  yi  minute,  xxx. 

Water  (distilled),  after  i/^  minute,  x;  after  1  minute,  x; 
after  2  minutes,  x.xx. 

Anesthetic,  chloretone  0.3  gms.  per  kilogramme  weight  and 
A.  C.  E.  mixture. 

The  normal  coagulation  time  for  this  animal,  a  black  adult 
bitch  spaniel,  about  11  kilogrammes,  was  5  mins.  40  sees.  Twenty 
minutes  after  the  injection  of  1  Cc.  of  the  experimental  material 
the  coagulation  time  was  2  minutes  35  seconds,  two  separate  tests 
being  made.  The  observations  covered  a  period  of  2  hours  20 
minutes,  at  the  end  of  which  the  coagulation  time  was  2  minutes 
40  seconds.  Blood-pressure  remained  approximately  normal, 
and  the  animal  was  killed.  A  rather  surprising  and  unlooked-for 
action  on  the  application  of  gauze  soaked  in  distilled  water  brings 
out  another  feature  in  the  coagulation  process,  probably  due  to 


presence  of  minute  quantities  of  alkali  substances  as  well  as  the 
mechanical  static  effect  upon  the  blood-flow  when  exerted  long 
enough  for  it  to  coagulate  and  immobilize  by  virtue  of  the  pre- 
liminary dose  of  the  hemostatic  agent 

This  observation  led  to  the  following  experiment  to  deter- 
mine the  actual  effect  on  the  coagulation  time  of  the  blood.  /;/ 
z'k'o.  when  the  substance  was  employed : 

Protocol  III. 

This  experiment  was  carried  out  in  order  to  determine  the 
efficiency  of  the  substance  when  given  intravenously  for  the  pur- 
pose of  shortening  the  coagulation  time  of  the  blood.  A  maxi- 
mum effect  is  sought.  Large  brown  mongrel  hound,  about  16 
kilogrammes.     Apparently  normal.     No  anesthetic. 

On  January  26,  1  mil  (Cc.)  of  experimental  serum  derivative 
was  given  intravenously,  coagulation  at  that  time  being  found  to 
be  6  minutes.  Subsequent  observations  of  the  coagulation  times 
on  the  same  date  showed  them  to  be  as  follows: 

3:05,  3  mins.  10  sees.;  3:10,  3  mins.  10  sees.;  3:10,  3  mins. 
7  sees.:  4:40,  3  mins.  8  sees.;  5:1."),  3  mins.  12  sees. 

At  9  A.M.  the  following  day  the  coagulation  time  was  found 
to  be  5  minutes  20  seconds,  at  which  time  another  injection  of 

1  mi!  (Cc.)  experimental  serum  derivative  was  given  by  intra- 
venous route.  Observations  on  the  coagulatiim  time  following 
this  injection  were  as  follows: 

0:20,  2  mins.  40  sees.;  10:20,  :!  mins. ;  11  :.'i(i.  2  mins.  50  sees.; 

2  :30,  3  mins.  3  sees. 

At  2:30  another  injection.  2  mils  (Cc).  of  the  experimental 
serum  derivative  was  made  intravenously.  Coagulation  times, 
following  this  injection,  were  as  follows: 

2  :40,  2  mins.  30  sees. ;  3  :30,  2  mins.  25  sees. ;  4  :30,  2  mins, 
35  sees.;  5:15,  2  mins.  30  sees. 

At  9  A.M.  the  following  day  (Jan.  28,  191T)  the  coagulation 
time  was  4  minutes.  Dog  was  reinjected  with  5  mils  (Cc.)  ex- 
perimental serum  derivative  intravenously.  At  9  :20,  coagulation 
time  was  2  mins.  20  sees. ;  at  10  :30,  2  mins.  30  sees. :  5  :30,  3  mins. 
25  sees.  Two  weeks  later  (2/10/17),  coagulation  time  was 
tested,  and  found  to  be  5  minutes  50  seconds.     .\t  this  time  dog 
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was  reinjected  intravenously  with  2  mils  (Cc.j  experimental 
serum  derivative.  Twenty  minutes  later,  coagulation  time  was 
3  mins.  •")  sees. ;  1  hour  later,  3  mins. ;  and  after  8  hours,  3  mins. 
10  sees.  Xo  ill  effects  followed  these  injections,  dog  appearing 
to  be  healthy  at  end  of  treatment. 

This  animal  was  kept  for  tvi'O  weeks  more  and  finally  used 
on  other  work.  Blood  specimens  were  taken  from  dry  clean  ear 
wounds,  which  produced  a  good  drop  in  each,  case,  the  same 
instrument  being  used  for  all. 

Repeated  efforts  to  produce  thrombosis  with  the  new  sub- 
stance failed.  In  one  instance  40  mils  (Cc.)  were  given  intra- 
venously to  a  young  adult  rabbit  weighing  1500  grammes,  while 
15  mils  (Cc.)  administered  to  a  rabbit  of  350  grammes  did  not 
produce  any  ill  effect  whatever. 

Experiments  on  dogs  also  corroborate  this  work.  The  proto- 
cols here  given  demonstrate  the  results. 

Protocol  IJ'. 

Small  black  mongrel,  weight  11.35  kilogrammes;  anesthetic 
chloretone,  O.T  gramme  per  kilo.^''  Morphine  J/2  grain  hypo- 
dermic, j4  hour  before  bringing  to  table.  Anesthesia  complete 
1:15  P.M.  Ten  mils  (Cc.)  experimental  serum  derivative  were 
given  to  this  dog  every  hour  until  5  :15,  a  total  of  50  mils  (Cc), 
and  the  next  morning,  the  animal  still  being  unconscious  owing 
to  the  anesthetic  used,  another  30  mils  (Cc.)  were  given  intra- 
peritoneally,  making  a  total  of  80  mils  (Cc.)  within  32  hours,  or 
about  3 1/2  mils  (Cc.)  per  pound  of  weight.  During  this  obser- 
vation the  following  coagulation  times  were  recorded : 

2/13/17,  1:15  P.M.,  coagulation  time  5  minutes  5  seconds: 
3  :20  P.M..  2  mins.  30  sees. — dog  had  received  at  this  time  total 
of  20  mils  (Cc.)  ;  4:30  p.m.,  coagulation  time,  2  mins.  28  sees. — 
total  amount  injected  up  to  this  time,  40  mils  (Cc.)  ;  5:30  p.m., 
coagulation  time,  2  mins.  29  sees. — total  amount  injected,  50  mils 
(Cc).  2/14/17,  9:30  a.m.,  coagulation  time,  3  minutes;  10:40, 
coagulation  time,  2  mins.  25  sees. — total  amount  which  had  been 
injected,  70  mils  (Cc.)  ;  13  M.,  coagulation  time,  2  mins.  30  sees. 
— total  amount  given,  80  mils  (Cc). 


Here  again  the  fact  of  a  niininuim  coagulation  time  for  the 
blood  (Rettger'-),  when  excessive  doses  of  experimental  blood 
derivative  is  given,  indicates  that  with  the  stimulation  of  the 
hemopoietic  and  renal  activities  (infra)  an  increase  in  the  anti- 
thrombin  content  of  the  blood  takes  place,  proportionate  to  the 
amount  of  thrombokinetic  factors  added.  (This  theory  is  com- 
patible with  Luciani's  scheme  previously  mentioned.)  It  is 
further  elucidated  by  observation  of  the  clotting  power  on  sheep's 
plasma  /)(  z'itro.  The  antithrombin  in  this  case  is,  of  course, 
constant  for  the  experiment.  In  another  portion  of  this  paper 
the  small  percentage  of  total  solids  (1.43  per  cent)  and  the  spe- 
cific gravity  (1.0050)  is  commented  upon.  Sinci'  the  calcium 
content  of  the  scrum  is  withdrawn  in  the  preparation  of  tliis 
experimental  blood  derivative,  this  substance  (calcium)  in  tlu- 
form  of  the  chloride  was  added  for  all  tests  in  vitro,  in  physi- 
ological quantities,  so  that  the  desired  results  might  compare  with 
those  of  other  coagulating  agents.  The  method  employed  by  the 
writer  is  easily  followed  in  the  table  below. 

Six  test-tubes  are  used  in  this  series  witli  graduated  quantities 
of  the  material  as  shown  : 

Degree  of  Coagulation. 

Iiicubalid  Iiiciil).itc(i 

Coagulating  Sheep  Water.  ISmin.  25  niin. 

Substance.  Plasma.  distilled.  at  37°.  at  37°. 

.6   mil  (Cc.)       .5mil(Cc.)  xxx  xxx 

.4     "    (Cc.)       .5    "    (Cc.)       .2    mil  (Cc.)  xxx  xxx 

.2     "    (Cc.)       .5    •'    (Cc.)       .4     "    (Cc.)  xxx  xxx 

.1      "    (Cc.)       .5    "    (Cc.)       .5      ■'    (Cc.)  XX  xxx 

.05   "    (Cc.)      .5   "    (Cc.)      .55   "    (Cc.)  x  xx 

.025"    (Cc.)      .5   "    (Cc.)      .575"    (Cc.)  x  x 

xxx  indicates  solid  coagulation  throughout;  xx,  partial  coagu- 
lation; X,  slight  coagulation  (sticks  to  side,  giving  a  curious 
"sucking"  noise  upon  shaking  free — no  coagulation). 

Upon  adding  0.3  per  cent  of  calcium  chloride  the  whole  set 
were  coagulated  with  exception  of  highest  dilution,  which  was 
XX.  Ujjon  adding  3-|)cr-cent  calcium  chloride,  s])ontaiieoiis  coa-,'- 
nl'ilion  took  place,  the  lubes  Iieing  solid  before  reaching  llie  incu- 
bator. 

An  interesting  comparative  test  made  with  Products  A,  B.  C. 
and  tlie  experimental  i)roduct  above  mentioned,  is  deemed  worthy 
of  mention  in  this  p.-qxT. 
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The  same  dilutions  as  above  were  used.    The  results  only  are 
tabulated  for  1  ~>-  and  30-minute  incubation  periods : 


Dilu- 
tion. 

Product  A. 
15                }0 

Prodi 
15 

ictB. 

30 

Product  C. 

15               30 

Exp.  Serum 
Derivative. 

15               30 

No.  1 

XXX 

XXX 

x.xx 

.X.X.X 

.XXX 

.XXX 

.XXX 

x.xx 

No.  2 

XXX 

XXX 

.XX 

XXX 

XXX 

.X.X.X 

XXX 

XXX 

No.  3 

XX 

XX 

XX 

,x.x 

XX 

.xx.x 

xx.x 

x.xx 

No.  4 

— 

-X 

.XX 

.XX 

XX 

x.x 

.XX 

xx.x 

No.  5 

— 

— 

-X 

X 

XX 

X 

XX 

No.  6 

— 

X 

— 

— 

.X 

XX 

The  superior  clotting  power  of  this  serum  derivative  was 
evident  throughout  a  long  series  of  tests.  Under  anaphylactic 
reaction  this  agent  is  discussed  again. 

Physiological  Action. — Considering  the  low  protein  content, 
probably  the  most  interesting  feature  of  the  physiological  reac- 
tion of  this  substance  is  the  effect  it  has  upon  the  blood-pressure. 
This  action  has  been  carefully  observed  throughout  the  series  of 
observations  on  animals  and  has  been  verified  clinically  by  the 
results  obtained  in  the  operating-room.  It  was  noted  early  in 
the  clinical  work  that  shock  was  a  minor  factor  in  postoperative 
treatment  of  those  cases  to  which  this  subsance  had  been  admin- 
istered. This  was  soon  shown  to  be  largely  due  to  the  effect  upon 
the  nephritic  and  hemopoietic  system  and  the  secondary  effect 
upon  the  splanchnic  nervous  system.  Observations  were  made 
with  a  standard  mercury  manometer,  graduated,  however,  to  per- 
centage ratios  rather  than  millimeters,  it  being  at  first  intended 
only  to  show  relative  conditions  of  blood-pressure  changes  rather 
than  actual  pressure  readings.  The  results  are  therefore  slightly 
confusing  to  those  not  having  observed  the  changes,  but  are  at 
the  same  time  obvious. 

Crile^°  demonstrated  the  effect  of  splanchnic  nerve  irritation 
to  be  widened  principally  in  lowered  blood-pressure.  He  also 
showed  that  any  stimulation,  crushing,  mutilation,  etc.,  generally 
showed  slightly  increased  blood-pressure  which  remained  so  for 
a  considerable  period.""  During  the  experiments  with  wounds  of 
the  liver  (supra),  it  was  noted  that  a  general  tendency  to  low- 
ered blood-pressure  was  early  presented,  and  that  in  most  cases 
an  intravenous  injection  of  the  derivative  intended  to  increase 
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die   blood-coagulating   etticiency   had   the    unexpected   effect    of 
increasing  the  pressure,  restoring  it  to  the  normal  or  initial  read- 
ing which  was  obtained  immediately  after  perfect  anesthesia  had 
been  produced. 

Stimulated  by  these  results,  corroborative  evidence  was 
sought,  which  ultimately  resulted  in  considerable  studv  of  the 
physiological  action  of  the  substance. 

Stevens  and  Lee,  1884,-"  in  the  course  of  perfusion  experi- 
ments, demonstrated  the  presence  of  an  active  vasoconstricting 
substance  in  defibrinated  blood  which  was  apparently  due  to 
some  product  of  the  coagulating  process.  O'Connor,  1911,-' 
verified  these  findings  with  the  conclusion  that  epinephrin  content 
was  negligible  as  a  determining  factor.  Falta  and  Memming, 
1911,--  confirmed  these  results. 

Sollmann"''  showed  that  serum  produces  a  direct  vasodilator 
effect  upon  the  isolated  kidney,  limited  to  the  efferent  vessels, 
and  since  then  Brodie"^  demonstrated  this  action  to  be  due  to  an 
albumen  protein  which  in  this  substance  is  eliminated. 

Before  discussing  its  action  the  following  jirotncols  arc  of 
interest  and  sen-e  to  illustrate  some  of  tin-  facts  to  be  nientioneil : 

Protocol  F. 

\Vell-nouri>lied.  healthy  young  black  spaniel,  weight  10  kilo- 
grammes, luher  anesthesia.  Immediately  upon  production  of 
narcosis,  a  cannula  was  introduced  in  the  left  carotid  artery  and 
manometer  attached.  Normal  reading  showed  at  50° — about  the 
normal  point  for  readings  usually  made  with  the  type  of  mano- 
meter in  use  in  any  laboratory.  All  readings  are  coniparati\e 
and  the  actual  figures  will  be  given  in  this  protocol. 

At  1 :20  anesthesia  was  complete,  blood-pressure  being  "lO  . 
At  1 :24  intestines  were  handled  roughly  and  exposed  to  air.  .\t 
]  JfO  blood-pressure  was  found  to  be  39°.  .\t  1  -.^,2,  1  mil  (Cc.) 
of  the  experimental  serum  derivative  was  injected  suhcutane- 
ously.  Following  this  observations  of  the  l)lo()ii-|)ri'ssurc  were 
made  as  follows: 

1  ::i3.  45°;  1:54,  10°;  2:25,  50^;  2:15,  15°;  .T  :.30.  32'^; 
3:45,35°. 


At  3:45  animal  was  reinjected  subcutaneously  with  1  mil 
(Cc.)  experimental  serum  derivative. 

3:47,  blood-pressure  of  43°  ;  3:49,  48°  ;  'S-.oO.  another  subcu- 
taneous injection  of  yi  mil  (Cc.)  experimental  serum  derivative 
was  made.  At  4:05,  blood-pressure  of  53°,  and  at  4:20,  50°. 
Animal  was  killed  at  4  :20. 

Duration  of  observation  3  hours  and  20  minutes. 

Pressures  taken  on  peripheral  and  central  circulations  are  also 
interesting. 

Protocol  VI. 

Well-nourished  bulldog,  weight  Ifi  kilogrammes;  anesthetic, 
ether  and  chloretone. 

Manometers  connected  with  brachial  and  femoral  arteries  for 
peripheral  pressures  and  portal  vein,  and  renal  artery  for  central 
circulation. 

At  9  :45  anesthesia  was  complete,  blood-pressure  being  54°  ; 
9:55,  J4  mil  (Cc.)  experimental  serum  derivative  injected;  9:57, 
blood-pressure  readings  were  as  follows :  Femoral,  56  ;  portal, 
58 ;  renal,  55. 

At  10:15,  j4  rnil  (Cc.)  was  injected.  Blood-pressure  was 
found  to  be — femoral,  58  :  portal,  60 ;  renal,  62.  At  10  :30,  femoral 
blood-pressure  was  54;  at  11:10,  femoral  55,  portal  59;  at  11:20, 
renal  pressure.  61. 

Protocol  VH. 

At  11:20  tlie  viscera  were  manipulated,  and  hemorrhage  was 
produced  in  liver  by  making  j/^-inch  resection. 

At  11 :35,  1  mil  (Cc.)  was  injected,  blood-pressure  at  that 
time  being,  femoral,  48;  portal,  55  ;  renal,  58.  At  11 :40,  pressure 
was  femoral,  52;  portal,  60;  renal,  63.  At  this  time  hemostasis 
was  produced  by  tamponage  with  experimental  serum  derivative. 
At  12:15  pressure  was  femoral,  53;  portal,  61;  renal,  62.  At 
2  P.M.,  femoral,  48;  portal,  58;  renal,  60.  At  this  time  the  con- 
dition of  the  animal  was  good ;  respiration  was  about  1 2  per  min- 
ute. The  viscera  were  exposed  to  cold  and  were  freely  manipu- 
lated. At  2:45,  1  mil  (Cc.)  was  injected,  the  blood-pressure 
being  femoral,  40;  portal,  39;  renal,  45. 

It  will  be  observed  that  there  had  been  a  decided  fall ;  the 
diastolic  pressure  was  especially  low. 
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At  3:05,  the  femoral  pressure  was  4-");  portal,  -Jli ;  renal.  .">5. 
Pressure  remained  stationary  until  -t:l").  at  which  time  animal 
was  killed. 

Duration  of  observations,  6  hours  and  30  minutes.  All  admin- 
istrations were  given  intravenously.  These  obser\'ations  were 
verified  with  other  animals,  slight  difference  in  ratios  being  noted 
owing  to  varying  physical  conditions. 

A  gross  interpretation  of  these  results  can  only  be  made  after 
careful  consideration  of  all  effects  produced  by  this  new  sub- 
stance. It  will  be  remembered  that  thrombosis  is  practically  an 
impossible  result  from  its  use :  that  there  is  no  marked  physio- 
logical reaction  beyond  the  stimulation  of  central  blood-pressures 
in  a  certain  degree  and  the  marked  blood-coagulation  effect. 

Reviewing  the  work  as  a  whole,  it  seems  difficult  to  sum  up 
all  the  facts  which  best  serve  to  substantiate  these  views.  In 
general,  we  may  state  that : 

(a)  The  minimum  coagulation  time  oblainahle  has  been  2 
minutes  and  20  seconds. 

(h)   The  blood-pressures  at  this  time  are  normal. 

(f)  Under  excessive  shock-producing  operations,  the  use  of 
the  new  blood  derivative  intravenously  serves  to  maintain  the 
normal  blood-pressure  for  hours.  (Pressure  readings  indicate 
this  lo  be  due  partly  to  stimulation  of  the  adrenals.") 

(d)  .\ntithronibin  is  increased  in  the  blood-stream  nearly  in 
pro()()rtion  to  the  antagonistic  elements  present  after  a  certain 
point  has  been  reached.     (See  work  on  activity,  siij^ra. ) 

(e)  Protein  content  is  reduced  to  a  minimum,  as  evidenced 
by  the  lack  of  anaphylactic  shock  over  prolonged  ]H"riods  of  ob- 
servation. 

.Inaphylaxis. — \'arious  experiments  were  tried  on  guinea-pigs 
and  rabbits  for  anaphylactic  reactions,,  but  to  date  no  serious 
alterations  from  the  normal  have  been  noted.  This  is  in  accord- 
ance with  the  fact  that  the  percentage  of  total  solids  is  only  1.45, 
and  the  protein  content  is  very  low.  .\s  related  elsewhere  in  this 
paper  Uroflic-*  shows  certain  correlating  facts  concerning  albu- 
men proteins  which  in  the  case  of  the  substance  here  mentioned 
are  eliminated. 
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CONCLUSIONS. 

In  the  liglu  oi  tlie  prevailing  doctrines  on  blood  coagulation, 
and  the  treatment  of  hemorrhage,  it  seems  established  that : 

1.  An  ideal  agent  capable  of  increasing  the  coagulability  of 
the  blood  and  exhibiting  high  therapeutic  value  in  hemophilia 
must  contain  in  addition  to  prothrombin  the  specific  thrombo- 
kinetic  substances  of  the  coagulation  process. 

■.?.  The  protein  content  of  such  product  should  be  minimal, 
and  the  product  must  be  active  in  small  doses. 

3.  The  administration  of  calcium  salts  in  the  treatment  of 
hemorrhage  is  irrational  because  it  is  proven  that  an  increase  of 
ca-ions  in  the  blood  beyond  the  physiological  point  prevents  coag- 
ulation, and  that  cases  of  diminished  coagulability  due  to  de- 
ficiency of  calcium  are  rare. 

4.  A  serum  derivative  based  on  the  foregoing  theories  exhibits 
these  true  physiological  requirements,  giving  uniform  and  quick 
results  in  all  instances. 
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PEPTONE-FREE  MEDIA  FOR  ROUTINE  CULTURE 
WORK.* 

By  N.  S.  Ferry,  M.D.,  axd  Arlyle  Noble,  A.B.,  Detroit,  Mich. 

As  a  result  of  some  experiments  which  necessitated  the  use  of 
cuhure  media  prepared  without  peptone,  it  was  found  that  the 
organisms  under  observation  grew  as  luxuriantly  as  on  standard 
media,  suggesting  the  possibility  of  employing  such  media  for 
routine  purposes.  It  was  determined,  therefore,  to  give  the  method 
a  comprehensive  trial,  as  it  involved  a  question  of  practical  nature, 
especially  to  laboratories  where  large  quantities  of  media  are 
consumed  daily. 

Ten  different  kinds  of  media  were  prepared  without  peptone, 
part  of  them  neutralized  and  part  made  1.0  per  cent  acid, 
phenolphthalein  being  used  as  the  indicator. 

1.  Liebig's  Ext.  bouillon — without  peptone — neutral. 


2, 

"      —\.0%  acid 

3.  Beef 

bouillon 

— neutral. 

4.      " 

" 

"      —1.0%  acid 

5.      " 

agar 

'               "      — neutral. 

6.      " 

" 

"     —1.0%  acid 

7.  Veal 

bouillon 

"      — neutral. 

8.      " 

••      — 1.0%>  acid 

9.      " 
0.      " 

agar 

'               "      — neutral. 

"      —1.0%  acid 

A  large  variety  of  organisms  was  grown  on  the  above  media, 
culturing  for  several  generations  both  freshly  isolated  strains  and 
strains  of  various  ages.  For  comparison,  the  same  strains  w'ere 
grown  on  the  standard  media  with  Witte's  peptone. 

A  tabulation  of  some  of  these  results  is  given. 

The  figures  in  the  charts  are  to  be  interpreted  as  follows : 
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l-h  =  Better  than  normal  (on  control  media). 

1  =  Normal,  alnindant  growth ;  first  choice  (except  for  an  occasional 
). 

1-  ^  Abundant  growth,  but  not  quite  normal ;  second  choice. 
2+  =  Abundant  growth ;  third  choice. 

2  and  2-  =  Moderate  growth. 

3  =  Poor  growth. 

4  ^  Very  slight  growth. 
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When  two  or  more  culture  media  are  represented  by  the  same 
figure,  it  indicates  that  there  was  no  choice  between  them. 

All  results  were  read  at  the  end  of  twenty-four  hours.  With 
each  organism  several  generations  were  watched,  not  only  in  the 
incubator,  but  also  at  5°  C,  so  that  the  conclusions  were  not 
arrived  at  after  a  single  generation  at  37°  C. 

CONCLUSIONS. 

1.  On  peptone-free  agar  all  cultures  which  are  ordinarily 
grown  on  standard  plain  agar  did  so  well  that  it  was  difficult  to 
choose. 

2.  I'or  the  majority  of  cultures,  veal  broth  media  gave  better 
results  than  beef  broth,  both  with  and  without  agar. 

3.  Both  veal  and  l)eef  broth  gave  far  better  results  than 
Liebig's  beef  extract. 

4.  Throughout  the  whole  experiment  the  neutral  media  gave 
better  results  than  the  1 .0  per  cent  acid. 

5.  Therefore,  for  organisms  which  grow  readily  on  standard 
plain  agar,  neutral  veal  or  beef  media,  without  peptone,  can  be 
substituted. 
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SERUM  VEAL  AGAR:    A  DEPENDABLE   SUBSTITUTE 
FOR  ASCITIC  OR  BLOOD  AGAR.* 

By  N.  .S.  Ferry,  M.D.,  .\nd  Arlyle  Noble,  A.B.,  Detroit,  Mich. 

For  reasons  obvious  to  those  interested  in  the  routine  cuUure 
of  a  large  number  of  organisms,  and  especially  mass  growths,  it 
was  necessary  to  find,  if  possible,  a  substitute  for  ascitic  or  blood 
agar.  Consequently  a  large  number  of  different  media  were  tested 
and  it  was  determined  that  a  veal  agar  (neutral  to  phenolphtha- 
lein)  to  which  had  been  added  normal  horse  serum  (or  any  other 
serum)  wovtld  successfully  accomplish  the  purpose. 

It  was  found,  also,  that  the  organisms  would  grow,  in  most 
in.stances,  as  well,  if  the  peptone  were  omitted  from  the  formula. 
This  is  an  exceedingly  practical  point,  especially  where  large 
quantities  of  peptone  are  consumed.  (See  "Peptone-free  Media 
for  Routine  Culture  Work,"  page  298  of  this  issue.) 

FORMUL/\   for  serum    VEAI.  AGAR. 

1.  To  500  grams  of  lean  chopped  veal  add  1,000  c.c.  water. 
Macerate  and  allow  to  stand  in  refrigerator  24  hours.  Strain 
through  cheesecloth  and  bring  to  boil. 

2.  Filter,  add  20  grams  peptone  (this  may  be  omitted),  5 
grams  NaCl,  and  30  grams  finely  chopped  agar-agar. 

3.  Boil  and  adjust  reaction  to  the  neutral  point  with  phenol- 
phthalein  (the  success  of  the  results  with  the  medium  depends  in  a 
large  measure  upon  this  point). 

4.  Filter  and  pour  into  test  tubes,  3  c.c.  each. 

5.  Sterilize  fractionally,  cool  to  about  45°  C.  and  add  2  c.c.  of 
sterile  normal  horse  serum  to  each  tube.  The  preparation  should 
be  about  three  parts  of  agar  to  two  parts  of  serum. 
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ORGANISMS    TESTED. 

1.  Diplococcus  pneumoniae.  Types  I,  II  and  III,  cultures  of 
which  had  been  kept  on  whole  blood  (rabbit)  agar.  The  majority 
of  these  cultures  had  recently  been  isolated. 

5.  Streptococcus  viridans  and  hemolyticus,  cultures  of  which 
had  been  kept  on  whole  blood  agar. 

3.  \'arious  strains  of  streptococci  which  had  been  cultured  on 
ascitic  agar.  The  majority  of  these  were  fresh  cultures  from 
tonsils. 

The  following  charts  will  convey  some  idea  of  the  results  of 
the  tests.  The  figures  in  the  charts  are  to  be  interpreted  as 
follows : 

1  or  1+  =:  Xormal  growth  and  is  to  be  considered  first  choice. 

1-  ^=  Abundant  growth,  but  not  quite  as  good  as  on  control  media. 

2  ^  Moderate  growth. 

3  =  Poor  or  slight  growth. 
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All  readings  were  made  after  24  hours  at  37.5°  C.  The  cul- 
tures were  then  placed  in  the  refrigerator,  as  has  been  the  routine 
custom  for  ascitic  or  blood  agar  cultures,  for  the  time  indicated 
on  the  charts,  ranging  from  four  to  seventeen  davs. 

CONCLUSIONS. 

1.  Cultures  of  diplococcus  pneumonije  grow  as  well  on  serum 
veal  agar,  after  the  second  generation,  as  on  whole  blood  agar 
and  far  better  than  on  ascitic  agar.  These  cultures  lived  longer 
on  serum  veal  agar  at  refrigerator  temperature,  without  trans- 
planting, than  on  whole  blood  agar  or  ascitic  agar,  .\fter  two 
weeks  four  out  of  sixteen  cultures  on  whole  blood  agar  and  ten 
out  of  sixteen  on  ascitic  agar  were  dead,  while  all  on  serum  veal 
agar  were  alive  after  seventeen  days,  and  grew  well  when  trans- 
planted on  the  same  media. 

2.  Cultures  of  streptococci  grew  as  well  and  lived  as  long  on 
serum  vcal  agar  as  on  whole  blood  agar  and  better  than  on  ascitic 
agar. 

3.  Serum  veal  agar  (veal  agar,  2  per  cent  peptone,  neutral, 
plus  normal  horse  serum)  can  be  used  for  maintaining  cultures  of 
most  organisms  ordinarilv  kept  on  ascitic  or  whole  blood  agar. 

11337.') 
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A  DISCUSSION  OF  SOME  PRINCIPLES  OF  ANTHEL- 
MINTIC MEDICATION. 

By  Maurice  C.  Hall,  Ph.D.,  D.V.M., 

Parasitologist.  Research  Laboratory.  Parke,  Davis  &  Co.,  Detroit.  Mich. 

There  are  certain  general  principles  of  anthelmintic  medica- 
tion that  may  be  more  or  less  tentatively  proposed  from  the  stand- 
point of  theory,  or  from  the  clinical  experience  of  many  workers, 
or  on  the  basis  of  experiments  performed  in  this  laboratory  up  to 
the  present  time.  Some  of  these  principles  seem  to  me  to  be  fairly 
well  established ;  others  are  in  contradiction  to  common  beliefs 
and  so  open  to  more  suspicion  of  error.  At  this  stage  of  our 
knowledge  in  regard  to  anthelmintics,  statements  should  be  made 
tentatively,  as  a  rule.  It  is  a  subject  which  needs  and  deserves 
much  more  study. 

The  general  principles  which,  for  the  most  part,  I  wish  to 
discuss,  rather  than  to  urge,  are  as  follows : 

1.  Anthelmintics  are  selective  in  their  action ;  at  least  their 
dependable  effectiveness  is  limited  to  certain  sorts  of  worms. 

This  follows  from  differences  in  structure,  physiology  and 
habit  on  the  part  of  the  worms.  This  principle  would  scarcely 
seem  worth  stating  or^  defending,  except  for  the  fact  that  some 
writers  have  disputed  it.  Most  medical  practice  assumes  that  it 
is  true,  and  numerous  experiments  in  this  laboratory  show  that 
certain  drugs  which  display  great  anthelmintic  properties  against 
certain  kinds  of  worms  may  be  given  in  doses  approximating  the 
lethal  dose  or  given  in  therapeutic  doses  over  long  periods  of  time 
without  exerting  any  apparent  effect  on  other  worms  occupying 
similar  positions  in  the  digestive  tract.  These  experiments,  which 
will  be  published  later  in  the  discussions  of  anthelmintics,  confirm 
the  general  idea  that  certain  drugs  are  of  value  against  tape- 
worms, but  not  against  nematodes  ;  that  others  are  of  value  against 
ascarids,  but  not  against  hookworms ;  that  others  are  of  value 
against  hookworms,  but  not  against  tapeworms ;  etc.     It  is  true. 
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to  be  sure,  that  such  a  drug  as  male-fern  will  occasionally  remove 
some  hookworms,  and  that  such  a  drug  as  oil  of  chenopodium 
will  remove  an  occasional  tapeworm,  but  so  far  as  dependable 
action  is  concerned,  anthelmintics  cannot  be  used  over  such  a 
wide  range. 

Along  this  same  line,  it  may  be  said  that  anthelmintic  activity 
on  the  part  of  a  drug  is  not  proportional  to  antiseptic  properties 
and  that  the  published  statement  to  the  effect  that  verminous 
infestations  can  be  combated  best  by  antiseptic  treatment  cannot 
be  accepted.  Some  of  the  best  anthelmintics  have  very  little 
germicidal  power,  while  experiments  show  that  excellent  germi- 
cides have  little  anthelmintic  power  and  that  even  those  displaying 
a  moderate  anthelmintic  power  are  usually  severe  in  their  effects 
on  the  host  animal.  In  passing,  it  may  be  noted  that  germicidal 
power  and  insecticidal  power  are  likewise  unrelated  as  a  rule. 

2.  As  a  further  development  of  the  above  principle  of  anthel- 
mintic selectivity,  it  may  be  stated  that  certain  kinds  of  worms 
require  not  only  a  suitable  anthelmintic,  but  also  suitable  modes 
of  medication,  whereas  other  worms  only  require  the  simple  ad- 
ministration of  a  single  therapeutic  dose  of  a  suitable  drug. 

The  above  statement  may  be  briefly  elaborated  as  follows : 

(a).  Forms  like  the  ascarids,  which  inhabit  the  small  intestine 
and  lie  unattached  in  the  lumen,  are  readily  accessible  to  the 
ordinarj'  types  of  anthelmintics — the  type  which  is  usually  said  to 
be  comparatively  insoluble  in  the  host  intestine,  and  so  believed  to 
exert  its  effect  on  the  worms  with  which  it  comes  in  contact  while 
producing  a  minimimi  amount  of  systemic  effect  on  the  host  owing 
to  low  solubility  and  slight  absorption — and  ascarids  may  be 
entirely  removed  by  a  single  therapeutic  dose  of  oil  of  cheno- 
podium in  the  great  majority  of  cases  if  only  the  usual  precautions 
as  to  preliminary  fasting  are  observed. 

In  this  connection  it  may  be  noted  that  Lutz'  states  that 
ascarids,  probably  on  account  of  their  size,  are  more  difficult  to 
remove  than  other  worms.  All  our  experience  is  distinctly  con- 
trary to  this,  ascarids  being  the  easiest  of  all  worms  to  remove. 
However,  Lutz  was  referring  especially  to  the  necessity  for 
repeated  treatments  with  santonin,  and  all  our  experiments 
confirm  the  idea  that  repeated  doses  of  santonin  are  usually 
necessary  to  assure  the  removal  of  ascarids.     I.ut/  diii  not  have  a 


suitable  drug  for  the  removal  of  all  ascarids  at  a  single  dose.  As 
a  matter  of  fact,  the  action  of  oil  of  chenopodium  against  ascarids 
in  removing  100  per  cent  of  all  worms  present  in  a  large  majority 
of  cases,  where  it  has  been  properly  used  in  single  dose  in  the 
experiments  in  this  laboratory,  is  not  duplicated  by  the  action  of 
any  other  drug  in  single  dose  against  any  worm  in  experiments 
here  or  in  the  work  of  Hall  and  Foster"  at  Washington. 

Contrary  to  Lutz's  statement,  Railliet^  states  it  as  a  general 
rule  that  large  worms  are  more  vulnerable  than  small  ones.  This 
accords  with  our  experience :  Adult  ascarids  are  more  easily 
removed  than  larval  ascarids  or  the  smaller  hookworms ;  hook- 
worms are  more  easily  removed  than  Strongyloides  or  the  small 
trichostrongyles,  the  last  two  being  very  difficult  to  remove,  so 
much  so  that  Stiles*  has  recently  stated  that  no  satisfactory  treat- 
ment for  Strongyloides  in  man  is  known.  This  condition  may 
arise  in  part  from  the  ability  of  small  worms  to  protect  themselves 
by  a  position  in  small  food  masses  or  under  mucus. 

(b).  Forms  like  the  hookworm,  which  attach  for  indefinite 
periods  to  the  intestinal  mucosa  and  occasionally  detach  and 
remain  free  in  the  lumen  of  the  intestine  for  a  time  before 
attaching  again,  show  a  response  to  anthelmintics  which  may 
perhaps  be  correlated  with  this  habit  of  attaching  and  detaching. 
In  experiments  where  there  is  more  than  a  very  light  infestation 
it  appears  that  one  anthelmintic  treatment  will  usually  remove 
only  a  part  of  the  worms,  and  the  same  is  true  in  clinical  experi- 
ence. As  Lane°  says:  "No  single  course  of  treatment  by  any 
known  drug  or  combination  of  drugs  can  be  relied  upon  to  expel 
all  the  ankylostomes  which  are  present."  It  is  possible  that  a 
particular  anthelmintic  is  effective  only  or  principally  against 
those  worms  which  are  attached  at  the  time,  or  only  or  principally 
against  those  which  are  detached  at  the  time,  as  the  case  may  be. 
And  it  is  possible  that  one  anthelmintic  would  be  effective  against 
those  which  were  attached  while  another  might  be  effective 
against  those  which  were  detached.  If  this  is  true,  effective 
treatment  will  commonly  require  repeated  doses  of  anthelmintics 
in  order  ultimately  to  remove  all  the  worms  present,  or  it  will 
require  a  combination,  as  yet  unknown,  of  remedies  that  will 
exert  a  complementary  effective  action,  i.e.,  one  acting  on  the 
attached  and  one  on  the  detached  worms.     Of  course,  this  ex- 
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planation  of  the  failure  of  single  hookworm  treatments  to  achieve 
more  than  partial  success,  as  due  to  the  presence  of  one  attached 
and  one  detached  group  of  worms,  is  only  theoretical.  Other 
explanations  would  be  that  worms  which  were  feeding  at  the  time 
of  treatment  were  susceptible  to  the  anthelmintic,  that  individual 
worms  had  greater  resistance  or  were  better  protected  by  mucus, 
etc.  There  is  little  evidence  one  way  or  another.  In  support  of 
the  idea  that  successful  treatment  is  related  to  the  attaching  habit, 
there  may  be  cited  the  suggestion  noted  by  Hall  and  Foster"  that 
the  efficacy  of  chloroform  against  hookworms  may  be  due  to  the 
rapid  absorption  of  the  chloroform  by  the  blood  and  the  ingestion 
of  this  chloroform-containing  blood  by  the  attached  hookworms 
in  amounts  sufficient  to  produce  anesthesia  or  lethal  toxic  effects, 
(c).  Forms  like  the  whipworm,  located  for  the  most  part  in 
the  cecum,  are  apparently  not  always  exposed  to  the  action  of 
anthelmintics  even  when  adequate  doses  of  potent  drugs  are  given. 
This  is  not  merely  due  to  the  fact  that  anthelmintics  are  partly 
absorbed  and  more  or  less  diluted  by  the  time  they  reach  the 
ileocecal  valve,  though  this  factor  must  be  taken  into  consideration 
in  anthelmintic  treatment  for  parasites  located  in  the  large  in- 
testine, but  it  is  principally  due  to  the  fact  that  not  everything 
that  passes  the  ileocecal  valve  enters  the  cecum.  This  is  a  point 
that  I  have  previously  noted'  and  in  this  connection  I  have  sug- 
gested that  in  treatment  of  whipworm  cases  it  may  be  found  good 
practice  to  administer  anthelmintics  in  small  doses  over  a  long 
period  of  time  to  ensure  the  enlranci-  of  ilic  drns;  intd  tlu'  ciHiini. 
The  experiment  work  done  in  the  laboratories  of  the  L'.  .">.  I'ureau 
of  .Animal  Imhislry  .ind  in  this  laboratory  indicates  definitely  that 
a  number  of  anthelmintics  are  effective  against  whipworms  when 
they  come  in  contact  with  the  worms.  As  a  rule  the  administra- 
tion of  an  anthelmintic  brings  away  no  worms,  but  when  it  brings 
away  any,  as  it  occasionally  does,  it  not  tmcommonly  brings  away 
all  of  them.  Experiment  work  done  in  this  laboratory  indicates 
tliat  tile  administration  of  small  doses — which  nnist  not,  iiowever, 
bi-  totj  small — of  anthelmintics  over  long  periods  of  tinu',  in  order 
to  ensure  their  entrance  into  the  cecum,  is  ai>|i.uintly  tlic  best 
mode  of  treatment  for  tlusc  worms.  It  is  necessary  to  work  out 
for  each  drug  tlic  mininnmi  ilosc-  wliicli  e.xerts  any  .inllu-hiiinlic 
efficacy,  as  it  ai)pe;irs  irom  e.\]i(  rinients  th.it  too  sm.ill  doses  will 
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have  no  effect  even  if  administered  over  very  long  periods.  For- 
tunately, the  whipworm  appears  to  have  comparatively  little 
resistance  to  drugs  that  actually  reach  it.  This  is  the  more  sur- 
prising in  view  of  the  fact  that  the  whipworm  has  the  habit  of 
sewing  the  long  narrow  anterior  portion  of  its  body  into  the 
mucosa.  It  may  be  that  the  exposed  posterior  portion  is  the  part 
through  which  the  anthelmintic  takes  effect,  or  it  may  be  that  the 
anthelmintic  is  absorbed  by  the  cecal  mucosa  and-  takes  effect, 
perhaps  by  ingestion,  on  the  part  buried  in  the  mucosa. 

In  man,  the  presence  of  the  appendix  constitutes  another 
complication.  Presumably  only  a  part  of  the  intestinal  contents 
which  pass  the  ileocecal  valve  enters  the  cecum,  and  of  this  only 
a  part  in  turn  enters  the  appendix.  In  other  words,  it  would 
probably  take  a  certain  amount  of  repeated  treatment  to  remove 
wonns  from  the  cecum  and  an  even  greater  amount  of  treatment, 
as  a  rule,  to  remove  them  from  the  appendix.  Berard  and 
Vignard*  state  that  it  has  not  been  proved  that  anthelmintics 
exert  any  effect  on  parasites  in  the  appendix,  and  that  Railliet's 
clinical  experiments  seem  to  show  that  the  worms  remain  alive 
after  the  administration  for  several  days  of  the  most  powerful 
vermifuges.  Berard  and  Vignard  reach  the  rather  surprising 
conclusion  that  it  is  necessary  to  resect  the  appendix  as  a  step  in 
eliminating  intestinal  worms. 

(d).  Just  in  passing,  it  may  be  noted  that  in  the  field  of 
veterinary  medicine  the  administration  of  anthelmintics  is  com- 
plicated by  anatomical  considerations  in  the  case  of  the  host 
animal  which  are  not  present  in  the  case  of  man.  Thus  the  work 
of  Hall  and  Foster  in  the  Bureau  of  Animal  Industry  showed 
that  in  a  general  way  volatile  anthelmintics,  such  as  chloroform, 
should  not  be  administered  to  ruminants,  not  only  because  of  the 
incidental  danger  of  inhalation  pneumonia,  but  also  for  the  reason 
that  such  substances  go  very  largely  to  the  rumen,  or  storage 
stomach,  and  are  absorbed  with  resultant  systemic  effects  before 
they  can  pass  to  the  abomasum,  or  true  stomach,  to  exert  anthel- 
mintic action.  This  finding  has  recently  been  published  in  a  note 
by  Dr.  Ransom,  the  chief  of  the  Zoological  Division  of  the 
Bureau.  It  is  probable  that  the  substances  named  are  largely 
volatilized  by  the  time  they  have  passed  through  the  esophagus. 

3.  Fluid  extracts   or  other   preparations   using  alcohol   as   a 


solvent  for  active  anthelmintic  ingredients  are  frequently  unsuit- 
able as  anthelmintics. 

Experiments  in  this  laboratory  on  a  number  of  such  prepara- 
tions indicate  that  there  are  good  objections  to  some  of  these 
preparations.  In  the  first  place,  the  very  fact  that  alcoholic 
preparations  are  adapted  to  the  production  of  rapid  systemic 
effects— the  effects  one  wishes  to  avoid  in  using  the  character- 
istically toxic  g^oup  of  drugs  known  as  anthelmintics — is  one 
reason  why  they  are  unsuitable  as  anthelmintics.  These  alcoholic 
preparations  are  often  rapidly  absorbed,  largely  in  the  stomach 
and  duodenum,  occasioning  more  or  less  irritation  at  the  point  of 
absorption  and  producing  systemic  effects  of  a  more  or  less  toxic 
nature.  The  considerable  and  rapid  absorption  leaves  a  com- 
paratively small  amount  of  drug  available  for  actual  anthelmintic 
action,  and  by  the  same  token  leaves  the  minimum  of  drug  that 
could  possibly  be  removed  by  purgation  after  exerting  its  anthel- 
mintic effect.  In  the  writer's  opinion  some  alcoholic  preparations 
of  anthelmintics  are  distinctly  dangerous  to  the  host  animal  and 
relatively  ineffective  against  parasites,  and  this  opinion  is  sub- 
stantiated by  quite  a  number  of  experiments  in  this  laboratory 
and  seems  to  accord  with  the  record  of  a  number  of  "worm 
remedies"  of  this  character. 

This  opinion  is  rather  contrary  to  that  expressed  by  Eeckhout. 
He  makes  one  group  of  anthelmintics  for  those  which  are  toxic 
and  highly  soluble  and  in  which  the  absorbed  material  is  rapidly 
eliminated.  The  important  members  of  this  group  he  names  as 
follows :  Turpentine,  carbon  bisulphide,  chloroform,  ether  and 
alcohol.  According  to  him,  turpentine  and  carbon  bisulphide  are 
very  toxic  for  intestinal  worms,  while  chloroform,  ether  and 
alcohol  are  much  less  so,  but  also  less  dangerous  to  tlie  host.  He 
states  that  it  is  always  an  advantage  to  incorporate  in  a  vermifuge 
some  such  narcotic  as  chloroform,  ether  or  alcohol.  In  the  writer's 
experience,  turpentine  is  distinctly  anthelmintic ;  carbon  bisulphide 
is  apparently  anthelmintic  but  needs  further  study  to  determine  its 
indications ;  chloroform  has  decided  anthelmintic  \alue  against 
iiookworms,  but  comparatively  little  against  ascarids,  whipworms, 
etc.;  ether  has  very  little  anthelmintic  value;  and  alcnhnl  has 
practically  none.  If  alcohol  had  antlielminlic  value,  il  would 
appear  titat  the  buinau  race  should  have  been  freed  liuni  most  of 


its  parasites  long  ago.  Moreover,  as  stated  above,  experiment 
shows  that  alcohol  is  distinctly  disadvantageous  in  some  anthel- 
mintics ;  it  makes  some  active  principles  soluble,  but  while  the 
absorbed  alcohol  solvent  is  rapidly  eliminated,  the  active  anthel- 
mintic ingredients  simultaneously  absorbed  are  not  rapidly 
eliminated  but  are  left  to  injure  the  host  animal.  If  alcoholic 
preparations  of  anthelmintics  are  to  be  used  at  all,  it  would  seem 
advisable  to  dilute  them  very  greatly  before  administration  in 
order  to  throw  the  anthelmintic  out  of  solution  and  delay  absorp- 
tion. In  some  anthelmintics  it  is  probable  that  the  active  constitu- 
ents would  be  promptly  thrown  out  of  solution  on  contact  with  the 
buccal,  esophageal  and  gastric  mucosa,  and  that  there  would  be 
little  or  no  rapid  absorption. 

It  is  interesting  to  note  that  Bozzolo'',  who  was  the  first  to  use 
thymol  against  hookworm,  in  1879,  originally  advocated  the  ad- 
ministration of  a  glass  of  strong  wine  or  some  alcoholic  mixture 
after  each  dose  of  thymol  in  capsules,  in  order  to  facilitate 
solution  of  the  drug.  Thirty  years  later,  he  is  still  of  the  opinion 
that  his  patients  were  not  poisoned  and  thinks  the  thymol  was 
probably  more  effective  when  given  in  this  way. 

4.  Anthelmintics  of  the  supposedly  insoluble  type  are  not  as 
insoluble  as  they  are  commonly  supposed  to  be. 

This  fact  was  shown  in  the  investigations  of  thymol  by  Schultz 
and  Seidell'"  and  by  Seidelli\  Seidell  states:  "Of  the  thymol 
administered,  from  one-half  to  two-thirds  is  apparently  destroyed 
or  temporarily  fixed  in  the  body."  "The  simultaneous  adminis- 
tration of  olive  oil  apparently  caused  very  slight  if  any  effect 
upon  the  percentage  of  excreted  thymol.  It  is  a  question,  there- 
fore, whether  oils  really  increase  the  amount  of  absorption  of 
thymol  or  only  the  rate." 

The  writer's  experience  bears  out  what  is  said  and  suggested 
above.  In  giving  large  or  repeated  doses  of  oil  of  chenopodium, 
the  feces  commonly  have  the  distinctive  odor  of  this  oil,  but  small 
doses  do  not  give  this  result  as  a  rule,  and  must  be  very  largely 
absorbed.  The  elimination  of  this  drug  or  its  fate  after  ab- 
sorption does  not  appear  to  Have  received  sufficient  study  as  yet. 
Salant  and  Livingston'-  state  that  after  intravenous  injections  of 
large  amounts  of  oil  of  chenopodium  it  may  be  detected  in  the 
respired  air,  but  not  in  the  urine  or  bile.     However,  I  have  been 


unable  to  find  any  papers  dealing  with  tests  for  oil  of  chenopo- 
dium  in  the  urine  or  stating  the  form  or  product  in  which  this  oil 
might  be  expected  to  occur  after  absorption  and  modification  in 
the  body. 

There  is  quite  a  little  written  in  the  literature  of  anthelmintics 
in  the  way  of  warning  regarding  the  use  of  such  solvents  as  castor 
oil,  milk,  alcohol,  etc.,  in  connection  with  the  use  of  certain  drugs, 
such  as  thymol  and  oleoresin  of  male-fern.  It  is  commonly  stated 
that  as  these  drugs  are  soluble  in  the  solvents  specified,  the  use  of 
these  solvents  will  result  in  the  absorption  of  an  otherwise  com- 
paratively insoluble  drug.  It  appears  from  the  work  of  Schultz 
and  Seidell  and  of  Seidell  that  these  comparatively  insoluble  drugs 
are  largelj'  absorbed  in  any  case,  regardless  of  the  simultaneous 
use  of  such  solvents  as  olive  oil.  Seidell  makes  the  suggestion, 
noted  above,  that  oils  increase  the  rate  of  absorption  rather  than 
the  amount.  This  seems  to  be  a  very  good  point  and  one  that 
deserves  some  elaboration.  In  my  opinion,  there  are  two  factors 
to  consider  in  connection  with  the  rate  of  absorption.  One  is 
the  local  effect  of  rapid  absorption  and  the  other  is  the  systemic 
effect.  When  such  toxic  drugs  as  anthelmintics  are  rapidly  ab- 
sorbed, it  means  that  the  brunt  of  the  irritation  and  insult  due  to 
the  drug  is  borne  by  a  rather  limited  section  of  the  digestive  tract ; 
that  a  large  amount  of  comparatively  concentrated  drug  is  taken 
in  over  the  gastric  and  duodenal  nuicosa.  and  possibly  by  that  of 
the  upper  jejunum.  Experiments,  clinical  symptoms,  and  the 
occasional  necropsy  on  the  Ininian  victim  of  an  overdose  of 
anthelmintic  show  that  such  drugs  as  male-fern,  thymol  or  oil  of 
chenopodium  can  be  highly  irritating  to  the  digestive  tract  wlu'ii 
absorption  is  sufficiently  rajsid.  In  experiments  in  this  labor.uorv, 
the  ])Ost-mortem  examination  after  the  IngcstiDU  of  tiiese  ;iml 
similar  drugs  not  infrequently  shows  an  unsiisi)ected  degree  of 
gastroenteritis  and  suggests  that  this  condition  is  present  in  the 
human  patient  rather  often,  an  iilt.t  which  finds  supjjort  in  m;uiy 
published  rei>orts.  In  addition  t(i  tlie  local  irritation  of  the 
digestive  tract  by  rapidly  absorl)ed  anthelmintics,  there  is  the 
factor  of  the  systemic  effects  due  to  the  sudden  impositit)n  of  a 
considerable  amount  of  antheliuintic  which  nnist  be  disposed  of 
by  the  body  economy  in  Imlk  instead  of  ])iecemeal.  It  would 
api)c;ir  ih.il  wli.il  is  desired  in  .inlhclniintic  ;idmiiiisti;ition  is.  first. 


as  little  absorption  as  possible,  and  second,  since  there  must  be- 
some  absorption,  probably  a  large  amount  as  a  rule,  it  is  desirable 
to  retard  that  absorption  in  order  to  distribute  it  over  as  large  a 
surface  of  the  gastro-intestinal  mucosa  as  possible  and  to  allow 
the  maximum  time  for  the  body  gradually  to  dispose  of  the  drug 
by  oxidation  and  elimination. 

In  this  connection  I  wish  to  note  that  in  my  experiments  olive 
oil  seemed  to  be  decidedly  contraindicated  in  connection  with 
anthelmintics,  whereas  I  did  not  find  this  to  be  the  case  with 
castor  oil.  Salant  and  Nelson^''  state  that  oils  and  fats,  including 
olive  oil,  probably  reduce  the  toxicity  of  oil  of  chenopodium, 
though  they  did  not  find  this  action  constant.  It  is  possible  that 
they  are  right  in  attributing  such  a  result  to  the  modifying  action 
of  glycerides,  as  well  as  to  the  suppression  of  acute  symptoms  by 
the  oils,  and  yet  other  factors  may  offset  this  action.  In  the  case 
of  olive  oil,  our  post-mortem  examinations  indicate  that  mixtures 
of  this  oil  and  oil  of  chenopodium  are  absorbed  largely  in  the 
stomach  of  experiment  dogs  with  the  production  of  gastritis, 
sometimes  very  severe.  In  this  connection  we  may  note  the 
following  statements  in  regard  to  olive  oil  by  Asnis'* ;  "Because 
hydrochloric  acid  has  no  effect  on  the  olive  oil  and  because  of  all 
foods  it  remains  longest  in  the  stomach,  hence  as  a  lubricant  and 
as  a  protective  agent  it  is  unexcelled."  Chenopodium  itself  exerts 
a  depressant  effect  on  the  musculature,  tending  to  produce  stasis. 
In  our  experiments,  the  tendency  of  a  mixture  of  olive  oil  and 
oil  of  chenopodium  is  to  remain  in  the  stomach  until  largely 
absorbed,  causing  gastritis,  and  this  constitutes  an  objection  to 
the  combination.  It  is  undesirable  that  an  anthelmintic  intended 
to  remove  worms  from  the  small  intestine  should  remain  in  the 
stomach  producing  irritation  and  undergoing  absorption.  In  other 
words,  the  action  of  the  olive  oil  is  very  similar  in  this  respect  to 
that  of  alcohol. 

It  is  the  purgative  character  of  castor  oil,  its  tendency  to  move 
promptly  through  the  digestive  tract,  which  appears  to  be  re- 
sponsible for  the  more  satisfactory  results  obtained  from  the 
combination  of  castor  oil  and  oil  of  chenopodium.  Although  there 
is  absorption  of  castor  oil  as  well  as  of  olive  oil,  the  absorption 
of  castor  oil  appears  to  be  such  as  to  distribute  the  chenopodium 
content  over  a  wider  area  and  a  longer  i)eriod  of  time. 


As  regards  the  common  statement  that  castor  oil  should  not  be 
given  in  connection  with  the  oleoresin  of  male-fern,  I  hesitate  to 
question  what  is  evidentlj'  intended  as  a  safeguard  in  the  admin- 
istration of  this  drug.  However,  I  wish  to  state  that  I  have  given 
oleoresin  of  male-fern  in  doses  of  20  mils — a  dose  Winslow'^  men- 
tions as  lethal — to  a  nuinber  of  dogs  as  follows :  Dog  No.  145, 
weighing  11.5  kilos,  received  20  mils  of  oleoresin  of  male-fern 
and  60  mils  of  castor  oil ;  the  dog  survived  the  treatment  and  was 
killed  6  days  later.  Dog  Xo.  131.  weighing  7.5  kilos,  received  20 
mils  of  oleoresin  of  male-fern  and  60  mils  of  castor  oil ;  the  dog 
survived  the  treatment  and  was  killed  8  da3'S  later.  Dog  No.  171, 
weighing  8.25  kilos,  received  20  mils  of  oleoresin  of  male-fern 
and  30  mils  of  castor  oil :  the  dog  survived  the  treatment  and  was 
killed  8  days  later.  Dog  No.  172,  weighing  10  kilos,  received  20 
mils  of  oleoresin  of  male-fern  and  no  castor  oil ;  the  dog  was  very 
sick  and  died  the  sixth  night  following  the  treatment.  Dog  No. 
185,  weighing  8.5  kilos,  received  20  mils  of  oleoresin  of  male-fern 
and  6  grains  of  calomel ;  the  dog  survived  the  treatment  and  was 
killed  9  days  later. 

The  above  experiments  indicate  that  oleoresin  of  male-fern  is 
more  dangerous  without  the  administration  of  a  purgative  than 
with  the  administration  of  a  purgative;  that  it  is  more  dangerous 
without  purgation  than  with  the  use  of  castor  oil  as  a  purgative ; 
that  so  far  as  our  experiments  show  anything — and  we  do  not 
regard  these  experiments  as  conclusive,  of  course — adequate 
doses  of  castor  oil,  promptly  administered,  are  as  good  in  this 
connection  as  calomel,  and  perhaps  as  good  as  anything.  Without 
caring  to  take  a  radical  position  in  this  matter,  we  are  of  the 
opinion  that  caution  in  regard  to  male-fern  should  emphasize  the 
need  of  adequate  purgation  rather  than  the  danger  from  castor 
oil.  If  castor  oil  were  as  dangerous  as  it  has  been  said  to  be,  its 
use  should  make  a  sub-lethal  dose  lethal  by  increasing  absorption  ; 
in  actual  tests  its  use  makes  a  dose  that  is  lethal  in  the  absence  of 
purgation  non-lethal  by  aiding  in  elimination.  \\  hcther  there  is  a 
<lose  of  oleoresin  of  male-fern  of  over  20  mils  that  would  be  non- 
lethal  to  an  average-sized  dog  in  connection  with  the  use  of  some 
such  purgative  as  a  saline  and  lethal  in  connection  with  castor  oil. 
I  do  not  know.  However,  I  am  inclined  to  doubt  it.  1  am  iiuliucd 
lo  believe  that  the  <iislribuli\o  and  i)urgativc  aclidH  of  castor  oil 
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goes  far  to  oftsct  the  solubilit)'  factor  in  the  case  of  male-fern. 
\\'inslow  and  many  other  writers  have  published  prescriptions  or 
given  directions  for  the  use  of  castor  oil  as  a  purgative  for  male- 
fern,  and  anthelmintics  are  marketed  which  contain  both  ingre- 
dients. As  far  as  solubility  is  concerned,  oil  of  chenopodium  is 
as  soluble  in  castor  oil  as  male-fern  is,  perhaps  more  so,  but  many 
experiments  with  oil  of  chenopodium  indicate  that  its  administra- 
tion in  castor  oil  gives  superior  anthelmintic  value  against  some 
species  of  worms,  at  least,  and  maximum  safety  to  the  host 
animal.  In  support  of  this  last  statement  and  of  the  foregoing 
contentions  in  regard  to  the  danger  in  the  use  of  olive  oil,  the 
following  experiments  may  be  noted : 

Dog  No.  29,  weighing  10  kilos,  was  given  90  minims  of  oil  of 
chenopodium  in  soluble  elastic  capsules,  preceded  by  65  mils  of 
olive  oil  and  followed  by  35  mils  of  olive  oil.  This  was  in  the 
morning.  Examination  two  and  a  half  hours  later  showed  that 
the  dog  was  very  sick,  and  it  was  given  an  additional  50  mils  of 
olive  oil.  The  dog  died  that  night.  Post-morten  examination 
showed  the  stomach  to  be  intensely  hemorrhagic  and  the  entire 
intestinal  tract  inflamed.  The  dose  given  was  a  lethal  dose  and 
the  150  mils  of  olive  oil  did  not  protect  the  dog  against  it. 

Dog  No.  29,  weighing  10  kilos,  was  given  90  minims  of  oil  of 
chenopodium  in  soluble  elastic  capsules,  preceded  by  45  mils  of 
castor  oil  and  followed  by  45  mils  of  castor  oil.  Examination  an 
hour  and  a  quarter  later  showed  that  the  dog  was  sick  but  sitting 
up,  and  it  was  given  an  additional  35  mils  of  castor  oil.  The  dog 
seemed  all  right  the  next  day  and  was  killed  the  fourth  day.  On 
post-mortem  all  the  viscera  appeared  to  be  normal,  except  for  an 
inflamed  area  in  the  rectum.  The  dose  given  was  a  lethal  dose, 
but  the  125  mils  of  castor  oil  afforded  ample  protection  against  it. 

Dog  No.  46,  weighing  25  kilos,  was  given  20  mils  of  oil  of 
chenopodium  in  soluble  elastic  capsules,  2  mils  of  chloroform,  and 
60  mils  of  castor  oil ;  7  days  later,  this  dog  was  given  75  minims 
of  oil  of  chenopodium,  5  mils  of  chloroform,  and  60  mils  of  castor 
oil.  Thirteen  days  later  this  dog  was  given  75  minims  of  oil  of 
chenopodium  in  soluble  elastic  capsules,  5  mils  of  chloroform, 
and  60  mils  of  castor  oil.  In  two  weeks,  therefore,  the  dog  re- 
ceived 170  minims  of  oil  of  chenopodium,  or  almost  3  drams,  in 
addition  to  12  mils  of  chloroform.     The  dog  was  killed  on  the 


twenty-tifth  day  and  the  stomach  showed  a  couple  of  small  in- 
flamed areas,  the  duodenum  was  slightly  congested  and  the  cecum 
showed  two  small  inflamed  areas.  I  assume  that  the  large  dose 
of  castor  oil  administered  to  this  dog  protected  it  from  injurious 
effects  from  the  chenopodium. 

In  a  series  of  dogs  given  oil  of  chenopodium  in  therapeutic 
dose  accompanied  by  olive  oil  alone  or  by  olive  oil  and  some 
purgative,  almost  all  of  the  dogs  showed  a  hemorrhagic  condition 
of  the  stomach  or  small  intestine  on  post-mortem,  a  condition 
which  was  rarely  met  with  in  post-mortem  examination  of  a  large 
series  of  dogs  given  oil  of  chenopodium  in  therapeutic  dose  ac- 
companied by  castor  oil.  It  may  also  be  noted  that  where  olive 
oil  alone  was  given  with  the  chenopodium,  the  dogs  were  usually 
much  constipated  and  often  did  not  pass  feces  for  several  days,  a 
condition  which  must  ensure  the  absorption  of  practically  all  the 
chenopodium  given. 

■").  Anthelmintics,  at  least  some  antlK-lniiniics.  probalily  do  not 
need  to  be  allowed  "time  to  act"  on  the  worms  before  purgatives 
are  administered. 

The  above  proposition  is  stated  tentati\ely.  It  is  so  generally 
believed  and  stated  that  anthelmintics  should  be  allowed  time  to 
take  effect  before  any  purgation  is  attempted,  that  it  .seems  almost 
unsafe  to  dispute  the  proposition.  Dock  and  Bass'"  even  explain 
the  failure  of  remedies  to  act  effectively  as  possibly  due  to  "the 
rapid  carrying  down  of  the  thymol  by  peristalsis  to  below  the 
location  of  the  worms,"  even  in  the  absence  of  purgation.  .My 
own  e.xperiences  have  led  me  to  fear  more  the  absorjition  of  the 
drug  in  the  stomach  before  reaching  the  site  of  the  worms.  In 
over  two  years'  experiment  work,  involving  the  treatment  and 
post-mortem  examination  of  over  250  dogs,  the  results  seem  to  be 
a  little  better,  if  anything,  where  the  anthelmintic  and  the  purga- 
tive are  administered  simultaneously  than  where  the  anthelmintic 
is  allowed  to  precede  the  purgative  by  an  hour  or  longer.  Such 
combinations  as  o\\  of  chenojiodium  and  castor  oil,  chloroform 
and  castor  oil,  santonin  and  calomel,  etc.,  seem  to  be  as  effective 
as  the  ingredients  of  the  combinations  administered  separately  and 
at  intervals.  It  is  well  known,  of  course,  that  such  anthelmintics 
as  areca  nut  are  themselves  purgative  and  that  some  ordinary 
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purgatives  are  to  a  slight  extent  anthelmintic,  though  not  to  the 
extent  that  they  deserve  to  be  called  anthelmintics. 

Even  if  it  were  true  that  anthelmintics  are  more  effective  if 
purgation  is  postponed,  and  it  can  be  shown  that  the  patient  is 
safer  where  the  purgation  is  given  with  the  anthelmintic,  would  it 
not  be  good  practice  to  repeat  a  safe  treatment  oftener  than  to 
give  a  less  safe  treatment  fewer  times?  Of  course,  in  practice 
there  are  other  factors  involved. 

6.  Preliminary  fasting  is  important. 

This  proposition  is  generally  accepted,  though  an  occasional 
writer  seems  to  regard  preliminary  fasting  as  of  little  importance. 
Experiments  in  this  laboratory  and  in  the  U.  S.  Bureau  of  Animal 
Industry  have  convinced  me  that  it  is  bad  practice  to  give  anthel- 
mintics to  patients  with  a  stomach  full  of  food.  The  drug  is 
diluted  to  a  point  where  it  exerts  a  minimum  amount  of  effect  on 
the  worms,  and  sometimes  a  drug  of  known  potency  in  adequate 
therapeutic  dose  will  fail  to  bring  away  any  worms  when  given  to 
experiment  animals  under  these  conditions.  During  gastric  diges- 
tion there  is  a  hyperemic  condition  of  the  gastric  mucosa  and  the 
absorption  processes  are  active,  so  that  a  certain  amount  of  the 
drug  is  probably  absorbed  at  this  point.  Such  of  the  anthelmintic 
as  leaves  the  stomach  with  the  chyme  is  too  diluted,  and  the 
worms  themselves  are  too  well  screened  by  the  mass  of  partly 
digested  food  to  permit  of  effective  anthelmintic  action.  In  our 
experiments  the  evidence  on  this  point  has  been  convincing.  At- 
tempts to  treat  animals  like  sheep  and  swine  by  the  administration 
of  anthelmintics  in  the  food  have  resulted  in  failures  or  indifferent 
successes,  and  it  appears  that  such  a  line  of  treatment  would  have 
to  be  prolonged  and  repeated  over  long  periods  to  attain  any 
reasonable  success,  with  all  that  such  repetition  might  involve  in 
the  way  of  cumulative  toxic  results.  In  a  recent  paper  the 
writer^'  has  pointed  out  that  the  desirability  for  fasting  before 
anthelmintic  treatment  was  not  due,  as  has  been  often  stated  and 
too  commonly  believed,  to  the  parasites  becoming  starved  and  so 
ingesting  the  anthelmintic  more  readily. 

7.  Gastric  stasis  might  occasionally  interfere  with  the  efficacy 
of  anthelmintics. 

I  have  stated  elsewhere'*  that  "Nothing  known  to  us  in  the 
way  of   vermifuges  can  be  depended  on  to  remove  all  worms 


present,  even  in  repeated  doses,  in  all  cases,  as  there  are  conditions 
little  understood  which  at  times  appear  to  inhibit  the  action  of 
even  reliable  vermifuges."  Some  of  the  post-mortem  findings  on 
experiment  dogs  in  this  laboratorj'  suggest  that  the  failure  of 
anthelmintics  might  at  times  be  due  to  gastric  stasis.  An  occa- 
sional animal  is  found  with  a  large,  distended,  atonic  stomach  and 
occasionally  dogs  are  found  with  a  stomach  that  is  apparently 
normal  in  appearance,  but  containing  food  known  to  have  been 
fed  one  or  two  days  previously.  It  would  appear  that  in  such 
cases  anthelmintics  might  lie  in  the  stomach  for  long  periods  or 
be  slowly  absorbed  there ;  that  where  the  anthelmintic  remained 
unabsorbed  by  the  atonic  mucosa  it  would  sooner  or  later  be 
diluted  by  the  food  and  drink  subsequently  ingested  by  the  animal 
and  so  rendered  ineffective.  It  should  be  admitted,  however,  that 
in  our  cases  anthelmintic  treatment  was  usually  as  effective  as 
could  be  expected,  though  the  fact  that  the  anthelmintic  in  these 
cases  was  given  with  a  purgative  may  explain  its  prompt  passage 
even  from  an  atonic  stomach  and  its  subsequent  efficacy.  I  believe 
gastric  stasis  might  be  reasonably  invoked  as  the  explanation  for 
occasional  failure  in  anthelmintic  medication,  especially  where 
purgation  follows  treatment  at  a  long  interval  and  where  such 
depressant  or  constipating  drugs  as  oil  of  chenopodium  are  used. 

8.  The  passage  of  worms  following  anthelmintic  treatment  is 
a  better  indication  for  repeating  or  continuing  treatnuMit  than  for 
stopping  treatment. 

As  has  been  noted  previously  in  this  paper,  the  action  of  oil  of 
chenopodium  against  ascarids  is  the  only  case  in  which  we  have 
commonly  found  approximately  100  per  cent  efficacy  against 
worms  in  single,  therapeutic  dose  of  an  anthelmintic,  and  this  drug 
will  occasionally  fall  below  this  point  in  efficacy.  In  common 
practice  too  many  medical  men  regard  the  passage  of  worms  as 
evidence  that  the  treatment  has  done  its  work,  whereas  the  real 
test  of  an  anthelmintic  is  to  be  made  on  the  basis  of  the  worms 
not  removed.  A  patient  may  pass  a  large  number  of  worms,  and 
have  a  much  larger  number  left.  When  a  well-.selected  treatment 
finally  fails  to  bring  away  worms  it  establishes  a  fair  presumption 
tf)  the  effect  that  all  worms  of  the  sort  involved  have  been  re- 
moved. This,  of  course,  should  be  checked  up  by  a  consideration 
of  the  persistence  or  disappearance  of  symptoms,  and,  even  more, 
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by  microscopic  examination  of  the  feces  for  parasite  eggs.  The 
latter  should  extend  over  a  period  of  perhaps  two  weeks  after 
treatment  and  should  cover  several  days  in  that  period  if  accurate 
information  is  desired,  as  it  seems  well  established  that  anthel- 
mintic treatments  may  inhibit  worm  egg  production  for  some 
time,  and  it  requires  several  negative  examinations  of  feces  to 
establish  a  fair  presumption  in  favor  of  freedom  from  infestation 
where  infestation  is  suspected  or  known  to  have  existed. 

9.  Severe  helminthiasis  calls  for  caution  in  administering 
anthelmintics. 

In  other  words,  severe  helminthiasis,  with  a  feeble,  emaciated 
patient  suffering  from  enteritis  as  a  result  of  numerous  worms 
and  with  the  bodily  resistance  already  much  lower  as  a  result  of 
worm  toxins,  is  itself  a  contraindication  for  anthelmintic  treat- 
ment both  as  regards  the  production  of  local  irritation  in  the 
digestive  tract  and  the  production  of  toxic  systemic  effects.  More 
than  once  I  have  had  weak  experiment  animals  heavily  infested 
with  worms  die  soon  after  the  administration  of  an  anthelmintic. 
It  is  quite  likely  that  these  animals  would  have  died  very  soon  as 
the  result  of  worm  infestation,  but  it  was  evident  that  the  ordi- 
nary plan  of  attack,  suitable  for  reasonably  strong  animals  with 
moderate  infestations,  was  not  suitable  for  these  animals.  It  has 
been  recognized  in  dealing  with  hookworm  disease  in  man  that 
bad  cases,  with  pronounced  anemia  and  well-developed  clinical 
symptoms  of  the  disease,  must  be  treated  with  caution.  The 
value  of  using  repeated  small  doses  of  anthelmintic  in  such  cases 
has  been  emphasized  by  Stiles  and  Leonard^^,  and  various  writers 
have  noted  the  need  for  preliminary  building  up  of  the  bodily 
resistance  by  nutritious  food.  In  the  field  of  human  medicine 
there  is  no  disposition  to  overemphasize  this  factor,  but  in  the 
field  of  veterinary  medicine  it  is  not  an  uncommon  thing  to  find 
writers  who  regard  food  as  of  more  importance  in  cases  of  para- 
sitic infestation  than  anthelmintics.  This  phase  of  therapeutic 
nihilism  is  explained  by  its  advocates  on  the  grounds  that  para- 
sites do  not  seem  to  thrive  in  thrifty  animals ;  the  more  obvious 
statement  of  this  condition  would  be  that  thrifty  animals  are 
thrifty  because,  for  one  thing,  of  their  freedom  or  comparative 
freedom  from  parasites.  Therapeutic  nihilism  in  the  field  of 
anthelmintics  has  little  to  sustain  it.    While  the  drugs  used  in  this 


capacity  are  in  need  of  much  more  study,  they  nevertheless  inckide 
a  number  of  demonstrably  potent  drugs  serving  a  purpose  that 
cannot  be  served  by  any  means  other  than  medicinal,  except  by 
way  of  prophylaxis. 

10.  While  the  majority'  of  worms  passed  after  anthelmintic 
treatment  come  away  in  the  first  24  hours  after  treatment,  there 
is  a  fairly  large  per  cent  which  will  commonly  come  away  from 
one  to  six  or  seven  days  later. 

This  delay  is  perhaps  due  to  a  poisoning  of  the  worms  which 
weakens  or  sickens  them  to  the  point  where  they  are  brought 
away  some  time  after  the  anthelmintic  treatment,  or  in  other  cases 
it  appears  to  be  due  to  intestinal  stasis,  which  maj^  not  be  over- 
come by  the  purgation  employed.  Tn  our  series  of  experiments  on 
anthelmintics  in  this  laboratory,  using  dogs  as  experiment  animals, 
we  found  the  following  to  be  true  where  single  treatments,  not 
involving  more  than  a  few  hours  of  one  day.  were  given : 

a.  Ascarids:  .Approximately  82.7  per  cent  were  passed  during 
the  day  after  treatment,  i.e.,  within  24  hours  after  treatment ;  7.7 
per  cent  were  passed  the  second  day  after  treatment,  i.e.,  within 
the  second  24  hours ;  4.3  per  cent  were  passed  the  third  day  after 
treatment;  3.1  per  cent  were  passed  the  fourth  day;  !.■'>  per  cent 
were  passed  the  fifth  day ;  0  per  cent  were  passed  the  sixth  day ; 
0.5  per  cent  were  passed  the  seventh  day. 

b.  Hookworms :  Approximately  74.1  per  cent  were  passed  the 
first  day  after  treatment;  15.7  per  cent  were  passed  the  second 
day ;  7.4  per  cent  were  passed  the  third  day ;  2.8  per  cent  were 
passed  the  fourth  day;  0  per  cent  were  i)assed  the  fifth,  sixth  and 
seventh  days. 

c.  Whipworms;  57. ti  per  cent  were  passed  tin-  tirst  day;  15.2 
per  cent  were  passed  the  second  day;  18.2  per  tent  were  passed 
the  third  day ;  10  per  cent  were  passed  the  fourth  day  ;  0  per  cent 
were  passed  the  fifth,  sixth  and  seventh  days. 

d.  Dipylidium  spp.:  J>1  per  cent  were  passed  tiie  first  day;  7.1 
per  cent  were  passed  the  second  day ;  0  per  cent  were  passed  the 
third  day;  1.6  per  cent  were  passed  the  fourth  day;  0  per  cent 
were  passed  the  fifth,  sixth  and  seventh  days. 

e.  Tccnia  spp.:  100  per  cent  were  passed  the  first  day;  0  per 
cent  were  passed  the  second  to  the  seventh  days  inclusive. 

'Ihe    number   of   experiments   involving    Tcniia    is    really    too 
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small  to  warrant  any  sjeneral  conclusions,  but,  accepting  them  on 
a  par  with  the  other  findings,  we  may  summari/^e  the  foregoing 
as  follows : 

For  all  worms  concerned,  after  one  anthelmintic  treatment, 
from  57.6  per  cent  to  100  per  cent  of  the  worms  came  away  the 
first  day;  in  other  words,  a  majority,  over  50  per  cent,  of  those 
that  came  away,  came  away  within  24  hours  after  treatment. 
Aside  from  Tccnia,  where  the  per  cent  for  the  second  day  drops 
to  zero,  there  came  aw-ay  during  the  second  day,  from  7.4  per 
cent  to  15.7  per  cent  of  the  worms  that  were  removed.  During 
the  third  day,  or  the  third  24-hour  period,  there  came  away  from 
0  to  18.2  per  cent  of  the  worms  removed.  During  the  fourth  day, 
there  came  away  from  0  to  10  per  cent  of  the  worms.  During  the 
fifth  day,  there  came  away  from  0  to  1.5  per  cent  of  the  worms. 
There  were  no  worms  passed  on  the  sixth  day.  On  the  seventh 
day,  there  came  away  from  0  to  0.5  per  cent  of  the  worms  passed. 
It  must  be  understood  that  these  figures  are  merely  a  statement  of 
the  findings  of  our  experiments,  not  at  all  intended  as  a  statement 
of  a  rule,  but  they  suggest  that  the  physician  who  takes  into 
account  the  feces  for  only  24  hours  after  treatment  may  overlook 
things  of  importance. 

The  number  of  worms  passed  diminished  each  day  with  Tccnia 
and  hookworms ;  it  diminished  to  zero  on  the  si.xth  day  with 
ascarids,  but  rose  on  the  seventh  day  slightly ;  it  diminished  to 
zero  on  the  third  day  with  Dipylidiuin,  but  rose  slightly  on  the 
fourth :  it  diminished  on  the  second  day  with  whipworms,  but 
rose  on  the  third,  diminishing  from  there  on  to  zero  on  the  fifth 
day.  .\n  examination  of  the  figures  for  these  worms  seems  to 
warrant  the  belief  that  with  sufficient  figures,  all  these  worms 
would  show  a  smaller  number  passed  each  day  with  the  exception 
of  the  whipworm ;  there  appears  to  be  some  ground  for  thinking 
that  there  is  little  difference  in  the  chances  of  whipworms  appear- 
ing the  second  or  third  day,  and  it  may  be  that  the  number  would 
be  steadily  greater  on  the  third  day  than  on  the  second,  as  a  rule. 
The  greater  per  cent  of  the  total  number  of  worms  passed  which 
come  away  the  first  day  is  in  this  order:  Tcenia,  Dipylidiuin, 
ascarids.  hookworms,  whipworms. 
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A   NOTE    REGARDING   MYIASIS,    ESPECIALLY   THAT 
DUE  TO  SYRPHID  LARVAE. 

Maurice  C.  Hall,  Ph.D., 

Parasitologist,  Researcii  Laboratory,  Parke,  Davis  &  Co.,  Detroit. 

Bruce^  (1917)  has  recently  published  a  paper  reporting  from 
Vancouver  Island  a  very  interesting  case  of  vaginal  myiasis  in 
the  cow  due  to  the  "rat-tailed  larva"  of  the  drone  fly,  Eristalis. 
He  does  not  say  how  many  larvae  were  found,  but  notes  that  tlie 
vagina  was  diseased  and  that  a  discharge  was  present.  In  his 
paper,  Bruce  says :  "I  am  unable  to  find  any  reference  to  invasion 
of  the  vaginal  cavity  by  the  larvae  of  E.  tcnax  in  either  man  or 
animals."  As  a  matter  of  fact,  Bruce's  case  is  the  second  recorded 
case  of  this  sort,  the  first  having  been  published  by  Hall  and 
Muir-  (1913).    Their  record  is  as  follows: 

In  the  Bureau  of  Animal  Industry  collection  of  parasites  .  .  .  there 
are  also  eight  Eristalis  larvae  sent  in  from  Laurel,  Md.,  in  1909,  with  the 
statement  that  they  were  passed  in  a  jelly-like  substance  from  the  vaginae 
of  cattle.  In  correspondence  relative  to  these  specimens.  Dr.  B.  H.  Ran- 
som suggests  to  the  sender : 

Probably  a  diseased  condition  of  the  organ  in  which  you  found  these 
larvae  created  an  odor  which  attracted  the  flies  to  this  particular  place, 
with  tlie  result  that  they  have  deposited  their  young  in  the  unusual  loca- 
tion. 

The  above  record  has  been  cited  by  Metcalfe  (1916),  but  it  is 
not  at  all  surprising  that  the  record  escaped  the  attention  of  Dr. 
Bruce.  The  fact  that  we  now  have  two  records  of  the  presence 
of  Eristalis  larvas  in  the  diseased  vaginae  of  cattle  instead  of  one 
record,  however,  does  much  to  establish  the  validity  of  both 
records  and  the  likelihood  that  similar  occurrences  do  happen 
from  time  to  time. 

iBruce,  E.  A.:  A  New  Parasite  for  Cattle.  The  Larvae  of  Eristalis  tenax  L. 
(drone  fly),  Jour.  Am.  Vet.   Med.  Assn..  1917,  /,  66-68,  Fig.  1. 

=Hall,  M.  C,  and  Muir,  T.  T.:  A  Critical  Study  of  a  Case  of  Myiasis  Due  to 
Eris'alis,  The  Archives  Int.  Med..  1913,  ;/,  19S. 

'Metcalf.  C.  L.:     Syrphidae  of  Maine,   Bull.  2:,i,  Maine  Agric.   E-xper.   Sla.,  1916. 
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Hall  and  Muir-  listed  a  sumnKirv  of  seven  pnhlished  cases  of 
myiasis  in  man  due  to  larvae  of  the  Syrpltidac.  To  this  they  add 
their  new  case  and  four  cases  from  the  files  of  the  United  States 
Bureau  of  Entomology,  furnished  through  the  courtesy  of  Dr. 
L.  O.  Howard  and  Mr.  R.  S.  Clifton,  and  one  from  the  tiles  of 
the  United  States  Bureau  of  Animal  Industn,-.  furnished  through 
the  courtesy  of  Dr.  A.  D.  ^Melvin  and  Dr.  B.  H.  Ransom,  to 
whose  courtesy  they  were  also  indebted  for  the  record  of  the 
case  of  vaginal  myiasis.  Twelve  of  these  were  cases  of  gastro- 
intestinal myiasis  and  one  (Leidy's)  a  case  of  nasal  myiasis.  To 
the  summary  of  human  cases  by  Hall  and  Muir,  I  wish  to  add 
an  unpublished  case  in  man,  for  which  I  am  indebted  to  the  kind- 
ness of  Dr.  Allen  J.  Smith  of  the  University  of  Pennsylvania  and 
Dr.  F.  J.  Bardwcll  of  Tunkhannock,  Pa.,  and  to  note  a  subse- 
quently published  record  by  Tches^  (1014),  and  three  records  of 
Austen   (1912,  not  available),  cited  by  Grahani-Sniitlv'    (PM-I). 

Under  date  of  April  2i.  1913,  Dr.  Smith  wrote  me  as  follows: 

1  have  recorded  here  in  our  laboratory  reports  a  case  of  Eristulis  in 
the  human  stool,  definitely  regarded  as  Erislalis,  and  tentatively,  for  the 
same  reason  you  assign  in  your  case,  E.  tcmix  (common  occurrence  of  the 
fly).  The  specimens  (two)  were  sent  Sept.  9,  1908,  by  Dr.  F.  J.  Bardwell 
of  Tunkhannock,  Pa.,  through  the  State  Health  Department  (the  bacteri- 
ological work  of  which  was  then  done  by  this  laboratory)  as  from  tlie  stool 
of  B.  L.,  white,  male,  native,  aged  18.  \o  statement  as  to  the  condition 
of  the  subject  and  no  account  of  the  circumstances  of  recovery  of  the 
specimens  were  given,  although  doubtless  Dr.  Bardwell  can  furnish  them. 
I  note  the  specimens  as  13  and  14  mm.  in  length,  respectively,  4  and  5  mm. 
thick  in  anterior  part ;  the  "tail"  as  equaling  the  body  length  in  the  first, 
.somewhat  retracted  in  the  second ;  tail  curved  anteriorly.  Dark  brown, 
firm,  apparently  brittle,  seven  pairs  of  hook-bearing  prolegs  (numerous 
hooks  arranged  in  curved  rows).  Dorsally  at  head  end  two  pairs  of  hooks, 
the  posterior  the  longer  and  directed  forward,  the  anterior  the  smaller  and 
directed  backward.  On  each  side  submedian  row  of  indefinite  tubercles, 
between  which  are  a  number  of  fine  transverse  ridges  of  the  cuticle.  In- 
<lcfinitely  seven-segmented.     ...     It  has  never  been  published. 

In  respouse  to  a  recent  r((|uest  for  infi)nn;itinn  in  rt'g.-ird  to 
this  case,  Dr.  Bardwell  wrote  nie,  imder  d;ite  of  ()ct.  P.'.  P'17. 
as  follows : 

I   remember   the  case  you   refer  to  very   well.     .     .     .     .Mxiut  a  year 

McIk-     I  I  ,     ..riKitial   <n.<i«i.ii,ilis.iii„n   r.clali-,    Arch.   .1.   |.ar:iMlol.,    1U14,  .(, 


after  that,  he  hail  the  same  thing  again.  Tliere  is  no  doulit  about  it  being 
a  genuine  case.  Creolin,  one  dram  to  quart  of  hot  water,  was  the  treat- 
ment.    The  symptoms  are  intense  irritation  of  the  rectum. 

Iches''  (]91-1:)  states  that  when  travehng  in  the  Argentine 
Republic  he  found  in  the  entomologic  collection  which  is  under 
Dr.  Lahille's  supervision,  two  rat-tailed  larvae  collected  at 
Necochea  in  1!)()4,  and  was  furnished  the  following  history  by 
Dr.  Lahille : 

A  physician  at  Xecochea  was  called  in  to  attend  a  7-year-old  girl  who 
complained  of  a  pain  in  the  rectum.  Nothing  was  detected  on  simple 
examination  and  the  doctor  ordered  washing,  which  brought  about  no 
change.  He  then  gave  a  purgative,  which  caused  the  e.Kpulsion  of  the 
larvae,  which  were  sent  to  Lahille.  The  two  larvae  measured  as  follows : 
Body  12.5  mm.  long  by  2  mm.  wide;  tail  18  inm. ;  body  11  mm.  long  by 
2  mm.  wide;  tail  13.5  mm.       The  color  was  dirty  gray. 

Austen's  cases  of  human  myiasis  due  to  syrphid  larvae  are 
noted  by  Graham-Smith^  as  follows:  "In  England,  Austen  (1913) 
has  met  with  .  .  .  two  cases  due  to  the  larvae  of  a  Syrphiis 
or  hover-fly,  one  case  due  to  the  'rat-tailed  maggot'  of  Eristalis 
tt'iiax.    ..." 

It  would  appear,  then,  that  there  are  at  least  seventeen  records 
claiming  the  presence  of  syrphid  larvae  in  the  digestive  tract  of 
man;  one  record  claiming  their  presence  in  the  nostrils  of  man; 
and  two  records  claiming  their  presence  in  the  diseased  vaginas 
of  cattle. 

In  passing,  it  might  be  noted  that  Blundeville  in  his  book, 
"The  Order  of  Curing  Horse  Diseases,"  published  in  1609,  says 
that  a  "bottee"  has  a  "great  head  and  small  long  tail  like  a  needle." 
This  is  a  very  poor  description  of  a  bot  and  a  fairly  accurate 
description  of  a  rat-tailed  larva.  It  suggests  that  Blundeville  had 
seen  rat-tailed  larvae  in  horse  manure,  a  favorite  breeding  place, 
and  regarded  them  as  bots  which  had  been  passed  by  the  horse, 
and  this  may  be  a  rather  common  error.  It  is  still  a  common 
error  to  regard  free-living  forms  occurring  in  feces  as  parasites 
which  have  passed  from  the  digestive  tract.  Herms"  (1915)  says 
that  the  frequency  with  which  the  larvae  occur  in  liquid  excre- 
inent  must  lead  to  caution  in  accepting  reports  that  they  have  been 
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evacuated,  and  adds:  "The  writer  has  on  several  occasions 
received  specimens  of  'rat-tailed'  larvae  which  were  said  to  have 
been  evacuated  by  the  'double  handful'  and  that  the  patient  had 
'steadily  improved'  thereafter." 

As  regards  the  species  of  syrpliid  invcilved  in  these  cases,  we 
may  quote  Metcalf 's  opinion : 

I  wish  to  emphasize  the  practical  impossibility,  at  our  present  state  of 
published  knowledge,  of  referring  larvae  found  in  such  circumstances  to 
a  definite  species,  or  even  to  the  genus,  unless  specimens  are  reared  to  the 
adult.  It  seems  to  be  the  custom  to  refer  any  rat-tailed  larva  to  Erislalis 
Iciw.r,  or  at  least  to  the  genus  Erisialis.  Such  records,  unless  based  on 
adults  reared  from  the  larvae,  must,  it  seems  to  me,  be  discarded  as  of  no 
specific  importance.  I  .  .  .  have  examined  a  dozen  species  of  rat- 
tailed  larvae  I)elonging  to  several  genera,  the  separation  of  which  is  ex- 
ceedingly puzzling  and  difficult,  and  any  one  of  whicli  might  easily  be  mis- 
taken for  the  larvae  of  Erislalis  Iciia.r. 

Hall  and  ^^uir■-  stated  in  regard  to  these  rat-tailed  larvae: 
"Only  an  occasional  pupa,  and  never  a  larva,  survives  the  winter." 
Regarding  this  point,  Mr.  E.  R.  Warren  of  Colorado  .'^jirings, 
Colo.,  a  well-known  ornithologist  and  mammalogist.  wrote  me, 
under  date  of  .March  is,  lOl.",,  as  follows: 

The  latter  part  of  February,  1902,  I  took  from  an  outdoor  tank  at  a 
fish  hatchery  near  Crested  Butte,  Colo.,  a  bunch  of  live  rat-tailed  maggots, 
which  were  identified  by  Dr.  L.  O.  Howard  as  Erislalis  Iciiax.  lie  made 
no  comment  as  to  the  season  when  they  were  found,  and  perhajjs  did  not 
understand  that  they  were  taken  in  winter.     ,     .     . 

The  tank  was  a  wooden  affair,  perhaps  4  by  8  by  3  feet  deep,  in  open 
air.  not  used  for  any  special  purpose,  but.  the  water  from  the  hatchery 
flowed  through  it.  This  water  is  taken  from  a  spring  and  |)iped  right  into 
tlie  building  and  flows  through  the  hatching  troughs,  and  hence  out  into 
the  tank  I  have  mentioned.  .  .  .  .\s  tlie  winters  are  cold  there,  9.000 
feet,  the  temperature  of  the  water  in  the  tank  was  probably  not  much 
above  32  F.,  but  as  it  comes  from  the  si)ring  into  tlie  hatchery  it  is  4,i  F. 
the  year  around. 

One  sort  of  myiasis  about  which  little  of  a  specific  sort  seems 
to  be  published  is  rectal  myiasis,  diu-  in  lilow-lly  larvae,  especially 
in  sick  and  in  morii)und  animals,  and  more  esjiecially  where  there 
is  blood  in  the  feces.  I  have  seen  a  few  cases  of  tJiis  sort  and 
had  one  case  in  the  dog  recently.  In  ihi.s  cise  the  dog  was  being 
used  to  determine  tlie  lethal  dose  of  an  anlhelinintic,  .-md  a 
restiltanl  heniorrhagic  gastritis  was  the  soiucc  of  the  M 1  in  the 
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feces.  'I'he  day  before  this  dog  died,  maggots  were  found  to  be 
crawling  in  and  out  of  the  anus.  To  alleviate  this  condition,  the 
dog  was  given  a  rectal  injection  of  1  c.c.  of  chloroform  in  9  c.c. 
of  castor  oil.  On  postmortem  examination  the  following  day,  the 
rectum,  colon  and  anal  region  were  found  free  from  larvae,  but 
four  larvae,  dead  when  collected,  were  found  in  the  small  intestine. 
It  is  possible  that  these  four  larvae  had  been  driven  back  up  the 
large  intestine  by  the  rectal  injection  and  had  entered  the  small 
intestine  either  before  or  after  the  death  of  the  dog.  The  dog 
had  eaten  nothing  for  several  days,  except  a  small  amount  of 
milk,  and  it  appears  more  likely  in  this  case  that  the  larvae  in  the 
small  intestine  entered  the  body  by  way  of  the  anus  than  by  way 
of  the  mouth.  It  suggests  that  occasional  cases  of  gastric  and 
enteric  myiasis  might  be  explained  in  this  way  in  cases  in  which 
the  evidence  seemed  opposed  to  the  idea  of  infection  by  mouth. 
Graham-Smith"  (1914)  has  noted  this  as  a  possible  mode  of 
infection  in  man.  He  says'  that  "Babies  left  exposed  in  an 
uncleanly  condition  may  become  infested.  The  larvae  on  hatch- 
ing make  their  way  into  the  rectum,  and  perhaps  penetrate  into 
the  intestine." 
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BACTERIOLOGIC  FINDINGS  IN  OZENA— SECOND 
REPORT.* 

By  Herbert  C.  Ward  and  Donald  C.  Beaver,  Detroit,  Mich. 

The  etiology  of  chronic  catarrhal  infection  demands  more 
serious  attention  by  the  bacteriologist  than  it  has  yet  been  given. 
Available  records  repeatedly  indicate  that  invasion  of  the  upper 
respiratory  tract  may  take  place  very  early  in  life,  children  of 
three  and  four  years  becoming  subject  to  pronounced  forms  of 
rhinitis  from  which  they  never  recover.  Our  clinics  register 
daily  the  ozenic  and  atrophic,  the  tuberculous  or  syphilitic  adult 
of  forty  years.  In  fact  there  is  no  lack  of  fresh  material  or 
willing  patients  for  the  needs  of  serious  investigation.  Both  are 
abundant  from  various  sources  and  climates  and  of  all  ages. 

In  tabulating  the  cases  coming  to  this  laboratory  for  observa- 
tion we  have  found  it  convenient  to  make  the  following  distinc- 
tions. The  diagnosis  of  atrophic  rhinitis  is  indicative  of  atrophy, 
chronicity  of  discharge,  crustal  formation,  and  impairment  of 
free  nasal  respiration.  The  term  ozena  refers  to  the  obvious 
symptom  of  malodor.  Inasmuch  as  ozena  is  closely  associated 
with  atrophic  rhinitis  and  frequently  presents  all  the  symptoms 
of  the  same,  it  is  here  considered  as  a  frequent  symptom  of 
atrophic  rhinitis,  and  not  ozena,  a  clinical  entity.  By  definition, 
therefore,  causative  factors  of  the  atrophic  and  also  of  the  ozenic 
stage  may  not  be  identical.  Investigation  of  this  constitutes  the 
objective  of  our  study  on  some  seventy  cases.  One  hundred  and 
fifty  bacteriologic  analyses  were  conducted  as  completely  as  the 
time  and  facilities  were  convertible  for  this  work.  The  findings 
agree  with  those  of  the  first  paperf  and  have  yielded  very  sug- 
gestive records. 

The  most  comprehensive  report  published  in  this  country  is 
that  of  Horn  of  San  Francisco.    He  suggests  that  ozena  is  not  a 
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clinical  entity,  meaning  that  more  than  one  biologic  agent  may 
bring  this  condition  about.  After  reviewing  previous  work  and 
supplementing  the  same  with  a  series  of  experimental  vaccines. 

Table  I. 

B.  niucosus  capsulatus  (Aliel's  bacillus)  appeared  in  42  cases,  or  84% 

B.  diphtheroids 

M.  staphylococci 

B.  Perez  Type  II   (atypical! 

M.  streptococci 

B.  proteus 

B.  Perez  Type  I    (typical) 

B.  influenzse 

M.  pneumococci 

M.  catarrhalis 

B.  coli  and  pyocyaneus 

he  proceeds  to  show  that  bacteriologically  all  his  cases  fall  into 
two  groups,  one  designated  as  the  "Fricdlander"  and  the  second 
as  the  "Perez"  group.  Literature  of  the  subject  reveals  similar 
conclusions  from  the  earliest  of  the  investigations  and  a  previous 
report  from  this  laboratory  records  identical  findings. 

Bacteriologic  studies  have  aimed  to  include  the  most  impor- 
tant groups  of  organisms  so  far  as  routine  analyses  and  methods 
would  permit.  Table  I  includes  the  findings  obtained  from  fifty 
cases  diagnosed  as  ozena  (atrophic  rhinitis  fetid).  The  groups 
are  arranged  in  the  order  of  their  predominance  in  the  lil'ty  c.ises. 

These  cases  are  representative  of  conditions  found  in  this 
country,  having  been  taken  from  a  wide  radius  as  follows :  Mich- 
igan, 2')  cases;  Louisiana,  o;  Illinois,  2;  Minnesota,  ;i ;  Ohio,  7: 
California,  4  ;  anfl  Kentucky,  4.  Inasmuch  as  the  material  had 
to  be  shipped  a  long  distance  before  being  subjected  to  bacterio- 
logic examination,  the  thoroughness  of  the  analyses  was  limited 
to  but  one  trial  in  the  majority  of  the  cases. 

Reviewing  Table  I,  it  is  evident  thai  the  preponderance  of 
B.  mucosus  capsulatus  is  most  significant.  An  organism  similar 
to  this  and  known  as  the  Morax-Axcnfeld  bacillus  ai)peared  onl\ 
a  few  times  aiul  is  not,  therefore,  considered  as  being  important. 
It  is  easily  confused  willi  the  \'>.  nuicosns  ca]>sul.ihis  niicrosco|)- 
ically,  but  never  culturally. 

I  )iphtlur(ii<l  bacilli  have  taken  second  pl.u  c  in  ilu-  l.iblc.      In 


two  instances  toxin-producing  bacilli  were  abundantly  present 
and  the  cases  were  classed  as  diphtheria  carriers  by  the  local 
board  of  health.  The  identification  of  such  organisms  from 
patients  suffering  from  chronic  catarrh  is  most  suggestive  for 
practical  investigation  bearing  on  the  problem  of  diphtheria  car- 
riers. No  work  of  this  character  has  as  yet  been  called  to  our 
attention. 

The  much  discussed  Perez  group  of  bacilli  has  appeared  in 
a  higher  percentage  of  cases  than  in  the  first  census.  The  strains 
isolated  do  not  conform,  on  careful  study,  to  the  reported  type. 
Two  groups  are  distinguished.  Type  I  represents  a  class  con- 
forming to  the  standard  strain.  Type  II  represents  atypical 
Perez  strains,  difl:'ering  from  the  stock  in  their  agglutination, 
fermentation,  and  motility  tests.  Neglecting  the  question  of 
strain  identity  for  the  moment,  the  significant  fact  appears  that 
some  representative  of  the  Perez  group  is  found  in  forty-five 
cases  out  of  the  fifty.  Of  additional  value  is  the  discovery  that 
those  cases  contain  no  Perez  types,  but  in  their  place,  bacilli  set 
down  as  B.  proteus  vulgaris.  The  Perez  and  the  proteus  groups 
are,  therefore,  responsible  for  the  malodor  of  ozena  cases. 

The  remaining  groups  of  organisms  appear  at  present  to  be  of 
no  significance. 

Supplementary  to  the  fifty  ozena  cases  just  reviewed,  the 
following  group,  diagnosed  as  "atrophic  rhinitis,"  and  differing 
from  the  former  onl}'  by  the  absence  of  odor,  is  tabulated.  Mate- 
rial for  bacteriologic  study  was  received  from :  Michigan,  14 
cases;  Kansas,  1;  Minnesota,  2;  Illinois,  1;  Ohio,  1;  Indiana,  1; 
and  ^Visconsin,  1 — making  a  total  of  21. 


Table  II. 

B.  mucosus  capsulatus 

appeared  in 

17  cases, 

or  817c 

M.  staphylococcus 

16      '■ 

■'    76% 

M.  streptococcus 

14      ■' 

"    70% 

B.  diphtheroids 

12      ■• 

"   60% 

B.  influenzae 

3      " 

"   15% 

M.  catarrhaHs 

.5      ■• 

'■    15% 

B.  spore  bearers 

2 

■'   10% 

B.  pyocyaneus 

Z 

"    10% 

B,  Morax-Axenfeld 

1      •• 

•■     5% 

B.  Perez 

1      ■' 

•■     5% 

B.  proteus 

1      ■• 

••     5% 
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Two  facts  are  strikingly  evident ;  first,  that  the  capsulatus 
group  is  the  most  abundant ;  and,  second,  that  the  Perez  and  the 
proteus  representatives  are  the  least  abundant.  In  this  connec- 
tion it  is  to  be  noted  that  the  patients  when  examined  at  the  clinics 
showed  no  odor.  The  nasal  discharges,  when  incubated,  devel- 
oped no  odor  (except  in  two  cases)  and  yielded  no  cultures  giving 
odors.  The  results  suggest  that  the  existence  of  a  Perez-proteus 
infection  can  be  recognized  in  the  majority  of  cases  by  clinical 
examination  alone,  and  in  such  instances  bacteriologic  examina- 
tion is  necessarj-. 

A  summary  of  our  study  shows  that  the  group  of  organisms 
known  as  the  B.  mucosus  capsulatus  (Friedlander's  bacillus, 
Abel's  bacillus)  is  preponderant  and  may  be  pathognomonic  in 
cases  of  chronic  rhinitis.  This  group  is  also  independent  of  the 
action  of  putrefactive  bacteria.  In  cases  in  which  the  symptom 
of  raalodor  exists,  a  different  class  of  bacilli  known  as  the  Perez 
group  is  most  abundant,  and  all  cases  show  either  one  or  both 
of  the  Perez  and  proteus  groups  present  as  causative  factors  of 
this  condition. 

Cases  of  chronic  catarrh  may  harbor  jiathogenic  organisms 
of  other  species  such  as  the  diphtheria  bacilli  and  contribute  to 
the  distribution  of  similar  infections. 
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STUDIES  ON  DIPHTHERIA  TOXIN.* 
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I. IIVDEOGEX-ION     COXCEXTKATIOX     AXD    TO.XUOCEXICITY    DETER- 

MINATIOXS  WITH   BACT.  DIPHTHERIA. 

Historical  Resume. — Some  of  the  earliest  workers  with  Bact. 
diphtheriffi  have  noted  that  the  reaction  of  the  culture  medium 
has  a  decided  influence  on  growth  and  toxin  production  with  this 
organism.  Roux  and  Yersin,^  who  appear  to  have  been  the  first 
to  extensively  investigate  this  question,  recommend  the  use  of 
slightly  alkaline  bouillon,  since  they  found  that  an  acid  reaction 
did  not  permit  of  strong  toxin  formation.  Spronck"  attributed 
this  acid  production  to  the  presence  of  a  variable  quantity  of 
glycogen  and  glucose,  fermentable  by  Bact.  diphtherise,  in  the 
meat  used  for  the  bouillon.  To  overcome  this  factor,  he  proposed 
the  employment  of  decomposed  beef  or  veal  in  which  the  putre- 
faction had  reduced  the  content  of  these  sugars  to  a  minimum. 

Park  and  Williams"  found  that  with  the  beef  used  by  them, 
the  inhibitor}-  action  of  the  muscle  sugar  was  neutralized  by 
adding  sufficient  alkali  to  the  bouillon  (about  7  c.c.  of  normal 
soda  solution  per  liter).  They  state  "that  an  excessive  amount  of 
either  acid  or  alkali  prevented  the  development  of  toxin"  and  that 
the  "type  of  growth  of  the  bacilli  and  the  rapidity  and  extent  of 
the  production  of  toxin  depended  more  on  the  reaction  of  the 
bouillon  than  upon  any  other  single  factor." 

Essentially  the  same  results  have  been  found  by  Madsen.*  This 
investigator  concludes  that  in  the  same  bouillon,  diphtheria  cul- 
tures can  develop  in  one  of' two  directions,  acid  or  alkaline,  de- 
pending upon  the  initial  degree  of  alkalinity.  Confirming  the 
results  of  Spronck,  and  Park  and  Williams,  acid  cultures  were 
found  by  him  to  possess  no  toxicity,  while,  in  general,  the  alkaline 
cultures  are  toxic,  although  no  definite  relationship  exists  between 
the  degree  of  alkalinity  and  the  amount  of  toxin  produced. 
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In  order  to  eliminate  any  action  of  the  muscle  sugar,  Theobald 
Smith^  proposed  a  peptone  bouillon  in  which  the  beef  infusion, 
previously  reduced  in  acidity,  was  submitted  to  a  preliminary 
fermentation  overnight  with  B.  coli,  then  sterilized  and  filtered. 
This  would  break  up  all  carbohydrates,  and  give  at  once  an 
alkaline  growth  with  a  constant,  strong  toxin.  Addition  of  dex- 
trose to  such  bouillon  in  quantities  not  exceeding  0.2  per  cent,  was 
found  not  only  to  be  uninjurious,  but  actually  led  to  a  maximum 
accumulation  of  toxin,  presumably  bj'  utilizing  the  available 
peptone  to  the  best  advantage.  This  method  has  not  met  with 
general  favor,  although  Hitchens''  reports  good  results  from  its 
use  with  veal  bouillon.  Lubenau"  confirms  the  findings  of  Smith 
that  no  acid  is  formed  in  carbodydrale-free.  nutrient  bouillon,  and 
also  states  that,  as  a  rule,  diphtheria  bacilli  produce  alkali  in  such 
bouillon  independent  of  the  initial  reaction.  On  the  other  hand, 
he  finds  that  diphtheria-like  organisms  produce  no  appreciable 
amount  of  alkali,  but  leave  a  carbohydrate-free  bouillon  un- 
changed. In  ordinary  bouillon,  which  would  contain  carbohy- 
drates, both  diphtheria  and  diphtheria-like  organisms  produce 
acid,  regardless  of  the  initial  reaction  of  the  bouillon. 

Jacobsen,'  in  a  critical  review  of  the  work  of  Madsen  and  of 
Lubenau,  agrees  that  in  sugar-free  bouillon  (Smith  method) 
diphtheria  cultures  produce  alkali  at  once.  He  also  finds  that,  not 
only  has  dextrose  an  influence  on  the  acid  formation,  but  with  a 
constant  amount  of  glucose  present  in  a  bouillon,  the  amount  of 
acid  produced  increases  proportionately  to  the  peptone  content. 
Any  culture  of  Bact.  diphtheria:  in  bouillon  can,  according  to  him, 
theoretically  be  considered  as  passing  through  the  following 
stages :  primary  acid  formation,  reversal,  alkali  formation,  sec- 
ondary acid  formation.  This  last  stage  which  takes  place  only 
after  a  prolonged  period  of  time  (two  to  four  months)  has  its 
origin  in  the  neutralization  products  of  the  above  mentioned 
reversal  stage  and  is  diflferent  from  the  primary  acid  formation 
which  is  attributed  to  the  muscle  sugar  present. 

A  consideration  of  the  work  mentioned  above,  in  the  light  of 
the  modern  conception  of  reaction  based  on  hydrogen-ion  concen- 
tration, brings  up  at  once  the  limitations  of  results  obtained  by 
the  usual  titramctric  methods.  In  fact,  it  is  now  generally  con- 
ceded that  there  is  a  decided  difTerencc  between  the  acid  and 
alkaline  values  obtained  by  titration  using  litnuis  and  phenoli)htha- 


lein.  Clark,"  in  an  able  discussion  of  the  fallacy  of  titrating  hot 
media,  states,  "It  is  needless  to  add  that  since  titrations  in  the  last 
analysis  are  based  upon  the  attainment  of  a  certain  hydrogen-ion 
concentration  as  shown  by  the  tint  of  an  indicator,  the  titration  of 
a  medium  at  90°  to  100°  C.  furnishes  data  of  no  exact  significance 
at  ordinary  incubation  temperatures." 

In  connection  with  the  development  of  a  satisfactory  bacterio- 
logic  peptone,  P"  have  employed  the  production  of  a  potent  diph- 
theria toxin  with  a  trial  sample  as  one  of  tiae  biologic  tests.  This 
required  a  study  of  the  factors  influencing  growth  and  toxin 
formation  in  bouillon  of  constant  composition  and,  as  would  be 
expected  from  the  preceding  resume,  the  hydrogen-ion  concen- 
tration of  the  medium  has  been  found  to  be  of  prime  importance. 
The  present  investigation  was  undertaken  to  determine  more 
accurately  by  means  of  the  hydrogen  electrode  what  reaction 
changes  take  place  in  the  medium  during  the  propagation  of 
diphtheria  toxin  on  a  practical  scale,  and  to  note  what  relationship, 
if  any,  exists  between  toxicogenicity  in  a  medium  and  hydrogen- 
ion  concentration. 

LABORATORY  DATA. 

Methods  of  Experimentation. — Extensive  experience  has 
shown  that  plain  bouillon  gives  uniformly  satisfactory  results  in 
the  production  of  toxin  with  Bact.  diphtheriae.  Sugar  media  and 
carbohydrate-free  broth  (Smith  method)  have  not  proved  of  any 
advantage.  In  the  study  at  hand,  unless  otherwise  noted,  the 
medium  employed  was  plain  bouillon,  made  up  as  given  in  the 
following: 

To  every  liter  of  beef  infusion  prepared  in  the  usual  manner, 
20  grams  of  peptone  (Bacteriologic,  Parke,  Davis  &  Co.)  and 
5  grams  of  sodium  chloride  were  added.  Supplies  of  sterile  beef 
infusion  and  of  the  other  two  ingredients  from  individual  lots 
were  retained  in  quantities  sufficient  for  all  of  the  experimenta- 
tion so  as  to  eliminate  any  variations  of  the  bouillon  components. 
The  peptone  and  salt  were  first  dissolved  in  the  cold,  then  heated 
in  a  steamer  for  fifteen  minutes  to  insure  thorough  solution. 

The  medium  was  now  ready  for  preliminary  adjustment  to  the 
desired  hydrogen-ion  concentrations  which  was  done  essentially 
as  proposed  by  Clark  and  Lubs,''  using  the  buffer  solutions,  stan- 
dardized by  the  hydrogen  electrode,  and  the  indicators   recom- 


mended  by  them.  As  will  be  later  shown,  the  limiting  concentration 
values  for  cultivation  of  the  diphtheria  bacillus  are  approximately 
C+  =  lxio-«  (P+=:6.0)  and  C+ =  1  X  Iq:'  (P+=9.0),  re- 
spectively, which  reduces  the  standard  buffer  solutions  necessary 
to  the  "acid  potassium  phosphate-sodium  hydroxide"  mixtures 
and  the  "boric  acid-potassium  chloride-sodium  hydroxide"  mix- 
tures. "Brom  cresol  purple"  and  "brom  thymol  blue"  were  used 
as  indicators  for  the  media  on  the  acid  side ;  "brom  thymol  blue" 
for  those  concentrations  around  true  neutrality,  while  in  the 
alkaline  zone,  "phenol  red,"  "cresol  red,"  and  "thymol  blue"  were 
employed.  The  various  media  were  then  neutralized  essentially 
as  described  below  for  reg^ilar  diphtheria  toxin  bouillon,  the  final 
ion  concentration  being  determined  electrometrically. 

For  the  routine  production  of  diphtheria  toxin,  in  bouillon, 
hydrogen-ion  concentrations  around  1.0  X  10"*  (P+  =  8.0)  have 
been  employed  with  excellent  results.  Such  reaction  values  are 
rapidly  obtained  by  taking,  for  the  preliminar\-  adjustment,  10  c.c. 
of  the  medium,  after  the  first  heating,  diluting  with  about  40  c.c. 
of  distilled  water,  and  titrating  against  dilute  (N/10)  sodium 
hydroxide  in  the  cold,  using  phcnolphthalein  as  the  indicator.  A 
little  experience  will  soon  determine  what  shade  of  pink  should 
be  taken  as  the  end  point.  The  requisite  amount  of  strong  sodium 
hydroxide  to  entirely  neutralize  (ION  is  recommended),  in  ac- 
cordance with  the  preceding  titration,  is  now  added  slowly  and 
with  thorough  mixing  to  the  bouillon.  The  medium  is  next 
heated  in  Howing  steam  for  30  minutes,  or  boiled  for  five  minutes, 
which  brings  down  a  heavy  precipitate  that  rapidly  settles. 

The  reaction  of  the  clear,  supernatant  liquid,  or  a  dilution  of 
it  with  "conductivity"  water,  is  now,  for  very  accurate  work, 
checked  by  the  hydrogen  electrode.  Ordinarily,  however,  a 
colorimetric  "check"  by  means  of  the  simple  comparator  of 
Hurwitz,  Meyer  and  Ostenberg'"  and  using  standardized  mixtures 
(of  P+  =  7.8,  8.0,  and  8.2)  with  "phenol  red"  will  be  found 
sufficiently  accurate  and  more  rapid.  In  my  experience,  the 
hydrogen-ion  concentration  of  media  prepared  as  above,  falls 
within  a  range  covered  by  C+  =  l.')  x  lo"  to  C+  =  7.0  X  IQ-'  and 
may  be  used  for  diphtheria  toxin  production  without  any  further 
adjustment.  The  bouillon  is  now  filtered  hot.  distributed  as  de- 
sired, and  sterilized.     All  of  tiic  incdi.i  used  in  the  ])rescnt  invest!- 
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gallon  have  been  sterilized  once  for  50  minutes  at  115°  C.  (15 
])ounds  steam  pressure). 

Comparative  toxicity  determinations  have  shown  that  more 
satisfactory  resuhs  are  obtained  by  using  larger  flasks  for  cultiva- 
tion of  Bact.  diphtherise  than  the  same  proportionate  amount  of 
bouillon  distributed  in  smaller  containers.  Accordingly,  3,000  c.c. 
of  the  test  medium  in  six  liter  flasks  were  employed  and  inocula- 
tions made  in  each  case,  with  24  hour  "starters"  containing  30  c.c. 
of  culture  grown  in  a  250  c.c.  flask  to  accustom  the  organism  to 
the  medium.  After  culturing  for  the  desired  length  of  time  at 
37°  C,  the  purity  of  the  growth  was  checked,  the  samples  pre- 
served with  0.4  per  cent  cresols  and  filtered  through  unglazed 
porcelain. 

In  the  preliminary  experimentation  on  the  ion  concentration 
changes  produced  during  growth  of  Bact.  diphtherias,  use  was 
made  of  the  large  flasks  fitted  with  special  syphons,  so  that 
samples  could  be  removed  aseptically  from  time  to  time  as  de- 
sired. Control  flasks,  without  syphons,  showed  that  this  procedure 
so  interfered  with  the  growth  through  disturbance  of  pellicle 
formation  as  to  entirely  vitiate  the  value  of  any  results  obtained. 
A  sufficient  number  of  flasks  has  accordingly  been  employed  to 
enable  triplicate  determinations  of  any  desired  value.  In  prac- 
tically every  case  it  has  been  found  possible  to  obtain  duplicate 
hydrogen-ion  concentration  and  toxicity  results  which  checked 
within  practical  limits.  The  toxicity  valuations,  made  in  associa- 
tion with  my  colleague,  T.  Ohno,  were,  unless  otherwise  noted, 
determined  for  L+  dose  on  samples  in  duplicate. 

The  electrometric  determinations  of  hydrogen-ion  concentra- 
tion were  made  with  the  chain : 

Calomel  electrode  (N  KCl)  —  saturated  KCl  —  test  me- 
dium —  Pt  Electrode  • —  (Ho)  at  33°  C.  The  complete  "set  up" 
employed  is  shown  in  Fig.  1.  C  is  a  "normal"  calomel  electrode 
which  dipped  into  the  small  vessel  D  containing  saturated  KCl  to 
reduce  to  a  minimum,  the  contact  potentials  between  the  A'  KCl 
and  the  liquid  under  examination.  Connection  between  D  and  the 
test  fluid  in  electrode  vessel  A  was  maintained  by  a  wick  saturated 
with  KCl,  passing  through  a  small  glass  syphon  tube  H.  Hydrogen 
electrodes  {B)  of  the  type  described  by  Bovie,'^'  were  employed, 
supplied  with  purified  hydrogen,  generated  from  the  electrolysis 
of  NaOH  with  nickel  electrodes.    The  temperature  of  the  liquid 


in  A  was  determined  by  a  thermometer  accurate  to  +  0.1°  C,  and 
a  similar  thermometer  was  mounted  near  the  calomel  electrode  C. 

The  hydrogen-ion  concentration  was  read  directly  by  means 
of  the  "ionometer"  (£)  described  by  Bartell."  The  known  po- 
tential derived  from  a  Weston  Standard  Cell  (S)  (calibrated  by 
the  Bureau  of  Standards)  was  first  brought  into  the  circuit 
through  the  double-pole,  double-throw  switch  F,  after  which  suffi- 
cient resistance  (4821  ohms)  was  thrown  in  to  compensate  for 
the  calomel  electrode  employed.  With  the  pointer  arms  of  the 
logarithmic  and  concentration  coils  set  at  the  proper  values  (in 
this  case  3.0  and  10'*^  respectively)  the  external  resistances,  to 
compensate  for  the  storage  battery,  were  now  adjusted  until  no 
deflection  was  noted  in  the  ijalvanometer  (G),  which  indicated 
that  the  instrument  was  in  balance  for  direct  reading.  The  re- 
sistance values  thus  obtained  were  found  to  remain  practically 
constant  for  several  hours  with  a  good  accumulator. 

By  reversing  F  the  unknown  cell  consisting  of  hydrogen  elec- 
trode and  calomel  was  next  connected  in ;  the  other  resistances 
remaining  the  same,  and  readings  could  now  be  obtained  directly 
in  terms  of  hydrogen-ion  concentration  by  manipulating  the  con- 
centration and  logarithmic  coils  until  the  galvanometer  showed  a 
balance.  The  ionometer  and  galvanometer  were  mounted  so  as 
to  insure  proper  insulation  from  stray  currents  and  freed  as  much 
as  possible  from  tremors.  During  all  of  the  measurements,  the 
room  temperature  was  such  that  no  difficulty  was  experienced  in 
keeping  the  thermometer  practically  constant  at  23°  C. 

Experimental  Protocols. — Before  making  a  study  of  the  toxi- 
cogenic  and  hydrogen-ion  concentration  changes  produced  by  the 
growth  of  Bact.  diphtheriae  in  bouillon,  the  question  arose  as  to 
what  is  the  optimal  zone  of  ion  concentration  for  such  metabolic 
activities.  This  made  it  necessary  to  determine  within  what  limits 
of  acidity  and  alkalinity  a  known,  toxicogenic  culture  of  Bact. 
diphtheriae  can  produce  toxin  of  prescribed  strength.  For  this 
purpose  there  were  made  up,  as  already  described,  lots  of  bouillon 
varying  in  reaction  and  sufficient  in  amount  to  permit  of  triplicate 
determination  with  large  flasks  at  each  ion  concentration.  The 
flasks  were  now  inoculated  with  "starters"  of  a  Bact.  diphthcrix 
culture  (No.  03G)  originally  obtained  from  W.  II.  Park  and 
capable  of  elaborating  a  toxin  in  standard  bouillon  of  which  one 
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L+  dose  is  less  than  O.S.")  c.c.    Cultivation  of  each  set  was  carried 
on  at  37°  C.  for  two  weeks  and  at  the  end  of  this  period  samples 
were   removed    from   each    flask    for  determination   of   the   final 


hydrogen-ion  concentration.  The  remainder  of  the  bouillon  was 
then  preserved  and  set  aside  for  toxin  estimation.  The  results 
obtained  are  summarized  in  Table  I. 
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Table  I 

[■lox   Concentrations  o 
OF  Bact.  Diphtheria. 


GROWTlt    AND    ToXICOCENICITY 


CHARACTER  OF 

4- 

TOXICITY 

GROWTH 

(2  WEEKS) 

L+DOSE 

Very  scant 

4.2  X  10-« 

More  than  2.0  c.c 

Moderate 

7.n  X  in» 

Between  1.5  and 

Heavy 

2.1  X  IIP' 

1.0  c.c. 

2.(1  X  10.« 

0.7  c.c. 

Very  heavy 

l.Sx  l(l-s 

Less  than  0.23  c.c 

Scant 
Very  scant 


.■•   in  Hour* . 
I-iR.  2. 


Inspection  of  the  data  tabulated  in  Table  I  shows  that  the 
optimal  zone  for  metabolic  activity  of  Hact.  diphthcriae  is  in  the 
alkaline  region.     While  Rood  </'"«'"'  "f  'I't"  or>;anism  ajipears  to 


be  possible  witliin  hydrogen-ion  concentration  limits  ranging  from 
about  C+  =  1.0  X  lu-"^  to  about  C+  =  8.4  X  iQi",  maximum  pro- 
duction of  toxin  seems  to  occur  only  where  the  reaction  of  the 
bouillon  falls  in  a  concentration  range  from  about  C+  =  7.0  X  10'' 
to  about  C+  =  5.0  X  IQ-'.  Antiseptic  action,  as  evidenced  by 
scant  growth,  is  apparently  exerted  on  the  acid  side  around 
C+  =  6.5  X  10"^  while  on  the  alkaline  side  it  does  not  come  into 
consideration  until  about  C+  =  5.3  X  IQ-"  is  reached. 

With  the  foregoing  results  at  hand,  experimentation  was  now 
undertaken  to  determine  the  changes  in  reaction  and  toxin  pro- 
duction which  take  place  in  plain  bouillon  during  the  growth  of 
Bact.  diphtheriae  cultures  under  optimum  conditions.  In  addition 
to  the  Park  strain  (No.  036)  employed  above  for  the  antiseptic 
value  test,  another  toxicogenic  strain  (No.  0236)  originally  ob- 
tained from  McFarland,  and  an  avirulent  nontoxicogenic  strain 
(No.  880)  isolated  by  H.  C.  Ward  of  this  laboratory  were  studied. 
The  preparation  of  the  bouillon  for  this  purpose  and  the  inocula- 
tion technic  have  been  detailed  in  the  preceding  section.  The 
accompanying  curves  shown  in  Fig.  2  have  been  plotted  using  the 
data  obtained  with  the  three  cultures,  and  tabulated  in  Table  II. 


Chances   in    H-ion    Concentration    and   Toxicogenicity    During    Growth    of    Bact. 
Diphtheriae  in  Bouillon. 


(Park) 

(McFarl 

and) 

(A-diruUnt) 

Strain  N 

0.  036 

Strain  No.  0236 

Strain  No.  8S0 

TIM 

^             .+ 

TOXICITY 

TIM 

^            -  + 

TOXICITY 

TIX 

"            -  + 

TOXICITY 

IN                     «.  ,, 
HOURS 

L+DOSE 

IN                   i,„ 
HOURS 

L+DOSE 

HOURS                 ° 

M.FDOSE 

0 

1.0  X  10-S 



0 

7.0  X  10-» 

_ 

0 

8.5  X  10-8 

_ 

24 

2.1  X  10-8 

1.0     c.c. 

24 

2.3  X  10-8 

No  reaction 

48 

4.6  X  10-8 

0.65  c.c. 

48 

3.2  X  10-8 

0.8      '■ 

48 

1.9  X  10-8 

2  C.C. 

72 

3.8  X  10-8 

0.45    " 

72 

1.3  X  10-8 

96 

6.0  X  10-' 

0.35    " 

96 

3.4  X  10-8 

0.55     " 

96 

1.1  X  10-8 

120 

2.1  X  10-8 

0.35     " 

120 

9.5  X  10-» 

No  reaction 

144 

4.0x10-8 

0.25    " 

144 

2.5  X  10-8 

0.45    " 

144 

7.4  X  lO-" 

2  C.c. 

192 

2.9  X  10-8 

0.15    " 

192 

2.3  X  10-8 

0.55    " 

192 

S.3  X  10-" 

240 

3.0  X  10-8 

0.15    " 

240 

1.6  X  10-8 

0.15    " 

264 

5.5  X  10-» 

312 

1.2  X  in.8 

0.15    " 

312 

8.7  ,x  10-» 

0.15     '• 

336 

3.S  X  10-" 

Necrosis 
2  c.c. 

408 

4.7  X  10-9 

0.05     " 

408 
528 

7.0  X  10.8 
5.0  X  10-9 

0.15    " 
0.15     " 

432 

3.3  X  10-» 

Necrosis 
2   c.c. 

Comparison    of    the    hydrogen-ion    concentration    curves    of 
Fig.  2  shows  a  decided  similarity  with  all  three  of  the  strains 


examined.  There  is,  at  first,  a  small  production  of  acid,  as  shown 
by  an  increase  in  the  concentration  of  hydrogen  ions,  which  soon 
reaches  a  maximum,  the  amount  of  acid  produced  varying  with 
the  organism.  The  Park  strain  (No.  036)  gives  the  maximum 
amount  of  acid,  the  other  toxicogenic  strain  (McFarland  No. 
0236)  produces  nearly  as  much,  while  the  avirulent  strain  de- 
velops only  about  one-half  of  the  amount. 

Inspection  of  Fig.  2  indicates  that  the  slope  of  the  acid  pro- 
duction curves  is  very  nearly  the  saine  for  the  three  strains,  so 
that  the  total  increase  in  hydrogen-ion  concentration  directly  de- 
pends on  the  length  of  time  the  organism  undergoes  acid  fer- 
mentation. Strain  No.  036  required  four  days  to  reach  a  maxi- 
mum value.  No.  0236  apparently  had  attained  this  point  in  72 
hours  while  No.  880  seems  to  have  begun  an  alkaline  fermentation 
after  the  first  day.  In  fact,  it  will  be  noted  that  all  three  strains 
show  a  reversal,  followed  by  alkaline  fermentation  which  appar- 
ently continues  until  an  antiseptic  hydrogen-ion  concentration  is 
reached. 

By  way  of  obtaining  some  information  as  to  the  source  of  the 
acid  production  in  plain  bouillon,  two  sets  of  media  were  prepared 
as  already  directed.  One  set  consisted  of  the  beef  infusion  used 
in  the  preceding  experimentation  with  0.5  per  cent  sodium 
chloride,  and  the  other  had  2  per  cent  of  the  peptone  and  0.5  per 
cent  of  the  sodium  chloride.  Both  sets  were  inoculated  with 
starters  of  the  Park  strain  (No.  036),  and  the  hydrogen-ion  con- 
centration changes  occurring  in  each  during  growth  were  now 
studied  in  accordance  with  the  technic  already  employed.  The 
results  are  shown  in  Table  III. 


Hydrocen-ion    Concentration    Chances    During   Growth    of    Hact.    diimitiiicki.k    is 
Straight  Beef  Infusion   and  2%    Peptone  Solution 


Beef 

I,,fusio 

„ 

i%  Ptplone 

SolulioH 

TIME  IN 

c.r 

toxicity 

TIUE  IN 

r  + 

toxicity 

HOURS 

M.F  DOSl 

HOURS 

"^B 

U.r  DOS! 

0 

8.6xl0» 

0 

7.6  X  10-» 

24 

0.4  X  I0-» 

No 

reaction 
2  CO. 

24 

8.4  X  10" 

No  reaction 
8  c.c. 

13  X  10" 

48 

1.0  X  10." 

96 

2.7  X  lO* 

"    " 

06 

8.7  X  10  • 

168 

7.0  X  lO" 

Slight  rciclion 
2  c.c. 

240 

2.6  X  10-' 

240 

6.5  X  10-» 

408 

2.9  X  10" 

4  OB 

6.1  X  10.» 

No  reaction 
S  c.c. 
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It  is  readily  apparent  from  the  above  data  that  both  com- 
ponents of  plain  bouillon  permit  of  acid  fermentation  by  Bact. 
diphtheria.  As  was  expected,  the  growth  in  straight  infusion  was 
scant,  while  that  in  the  2  per  cent  peptone  solution  (-|-salt)  ap- 
peared only  about  half  as  heavy  as  in  regular  bouillon.  Table  III 
shows  that  in  plain  beef  infusion,  the  diphtheria  bacillus  produces 
a  small  amount  of  acid  which  reaches  a  maximum  in  about  four 
days,  after  which  the  hydrogen-ion  concentration  remains  practi- 
cally constant.  In  the  peptone  solution,  there  is  also  an  initial 
acid  production  increasing  to  about  the  third  day,  but  then  fol- 
lowed by  a  reversal  and  steady  decrease  in  hydrogen-ion  concen- 
tration as  in  bouillon.  Estimation  of  the  amounts  of  acid  produced 
in  each  case  indicates  that  the  sum  total  of  both  sets  very  nearly 
approximates  the  initial  H-ion  increase  during  growth  in  plain 
bouillon,  as  given  in  Fig.  2. 

The  toxicity  values  for  No.  036  show  a  steady  increase  until 
the  eighth  day.  Five  days  later  the  value  appears  to  be  constant, 
but  increases  in  toxicity  at  the  end  of  seventeen  days.  The  toxin 
development  in  the  case  of  No.  0236  is  irregular,  fluctuating  up  to 
the  eighth  day,  after  which  there  is  a  rapid  increase  in  toxicity, 
reaching  a  maximum  on  the  thirteenth  day  and  remaining  con- 
stant at  this  value  to  the  end  of  the  experiment.  It  is  interesting 
to  note  that  the  avirulent  strain  (No.  880)  produces  no  toxin  at 
first  (2  c.c.  dose),  but  sufficient  is  developed  at  the  end  of  two 
weeks  to  cause  necrosis  at  the  site  of  injection  with  the  same  dose. 
That  it  is  actually  diphtheria  toxin  which  is  produced,  is  shown 
by  the  fact  that  addition  of  antitoxin  (as  in  testing  by  L+  dose) 
causes  neutralization  and  no  necrosis. 

DISCUSSION. 

As  has  been  found  true  in  the  case  of  several  other  organisms, 
notably  in  the  colon  and  streptococcus  groups  (Michaelis  and 
Marcora,^^  Ayers,^®  Itano^^),  the  hydrogen-ion  concentration  of 
the  medium,  from  the  data  presented  above,  is  seen  to  have  a 
decided  influence  on  the  metabolism  of  Bact.  diphtheriae.  While 
there  is  relatively  a  wide  range,  from  about  C+  =^  1.0  X  10""  to 
about  C+  =  8.4  X  iQ-i",  in  which  good  growth  can  take  place, 
maximal  elaboration  of  toxin  occurs  only  in  a  small  zone  of 
hydrogen-ion    concentration,     covered    by     C+  =  7.0  X  10"'    to 
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C*  =  5.0  X  10"'-'.  The  upper  limits  ot  alkalinity  \  erv  closely  ap- 
proximate in  value  those  obtained  by  the  author  for  the  H-ion 
concentration  of  antidiphtheric  serum  (equine)  and  the  lower  is 
very  near  the  C+  value  given  by  McClendon  and  Magoon"*  for 
blood. 

It  is  interesting  to  note  from  Table  I  that  Bact.  diphtherise 
can  tolerate  a  much  greater  concentration  of  hydroxyl  ions 
(stronger  alkaline  reaction)  than  acid  ions  before  a  value  inhib- 
itory to  growth  is  encountered.  In  all  probability,  the  antiseptic 
C+  values  obtained  with  the  Park  strain  (6.5Xl0-«  and  5.3  xiQ-") 
are  of  general  application  to  Bact.  diphtherise  since  "starters"  of 
the  McFarland  Strain  (Xo.  0236)  fail  to  develop  at  C+=6.oXio-6 
and  give  only  very  scant  growth  in  a  medium  reading 
C+  =  5.0  X  10"".  No  growth  at  all  can  be  obtained  with  the 
avirulent  strain  at  either  of  the  above  mentioned  hydrogen-ion 
concentrations. 

Confirming,  in  a  general  way,  the  results  obtained  by  other 
investigators,  the  curves  plotted  in  Fig.  2  show  that  B.  diphtherise, 
when  cultivated  in  plain  bouillon  undergoes  an  initial  acid  fer- 
mentation. Contrary  to  what  might  be  supposed  from  the  intro- 
ductory review,  the  total  increase  in  hydrogen-ion  concentration, 
even  with  the  most  vigorous  strain  (Park,  No.  030)  is  relatively 
small  (from  about  C+  =  1.0  x  ]0-«  to  C+  =  6.0  X  iq-sj,  and  ap- 
pears to  be  due  to  an  acid  fermentation  of  some  constituent,  very 
likely  carbodydrate  in  nature,  in  both  the  beef  infusion  and  the 
peptone.  It  should  also  be  noted  that  even  at  the  point  of  max- 
imum acid  development,  the  reaction  is  definitely  alkaline. 

The  results  given  in  Table  I  strongly  indicate  that  an  actual 
acid  reaction  (C+  =  1.0  x  10  "  =  neutial  \  li.is  a  destructive  action 
on  diphtheria  toxin.  From  the  amount  of  acid  produced  by  both 
of  the  above  toxicogenic  strains,  it  would  seem  that  where  the 
initial  C^  of  the  medium  is  appreciably  greater  than  7.0  X  lO"",  the 
increase  in  hydrogen-ion  concentration  resulting  from  growth 
would  be  sufficient  to  produce  a  final  acid  reaction  destructive  to 
the  toxin.  This  is  actually  found  to  be  the  case.  Table  I  shows 
tiiat  where  the  iiulial  reactinn  of  the  bouillon  is  C '^  =  7.0  X  lo",  a 
strong  toxin  with  I."  dose  of  less  than  0.25  c.c.  is  obtained.  On 
the    oth<T    hand,    a    slight    increase    in    the    initial    reaction    to 


C+  =  1.0  X  10'"  is  sufficient  to  make  the  final  potency  drop  to  an 
L+  dose  of  about  0.7  c.c. 

The  total  amount  of  acid  produced  appears  to  be  a  specific 
property  of  each  individual  strain.  The  avirulent  strain  develops 
only  about  half  as  much  acid  as  do  the  toxicogenic  strains,  the 
increase  in  hydrogen-ion  concentration  reaching  a  maximum  soon 
after  the  first  day  in  the  former  case.  It  may  be  probable  that 
this  diminished  capacity  for  acid  fermentation  is  a  general  prop- 
erty of  avirulent  strains  and  is  possibly  an  index  of  decreased 
metabolic  activity. 

The  data  given  in  Tables  II  and  III  further  show  that  the 
natural  course  pursued  by  Bact.  diphtherise  growing  in  plain 
bouillon  is  in  the  direction  of  increased  alkali  production.  This 
decrease  in  hj'drogen-ion  concentration  takes  place  steadily  after 
the  initial  acid  fermentation  and  reversal,  and  apparently  con- 
tinues until  a  limiting  concentration  is  attained. 

It  is  obvious  from  the  curves  plotted  in  Fig.  II  that  in  the 
normal  development  of  Bact.  diphtherias  in  bouillon,  the  organism 
may  produce  the  same  hydrogen-ion  concentration  at  two  different 
intervals,  which  represent  wide  variations  in  potency.  Other  than 
the  fact  that  it  is  necessary  to  have  the  initial  reaction  of  the 
bouillon  within  the  alkaline  limits  above  mentioned,  and  that 
potent  toxin  will  have  an  alkaline  reaction,  the  experimental  data 
indicate  that  there  is  no  direct  relationship  during  growth  between 
the  hydrogen-ion  concentration  of  the  medium  and  the  production 
of  toxin. 

In  conclusion,  I  desire  to  express  my  most  sincere  thanks  to 
Professor  F.  E.  Bartell  of  the  University  of  Michigan  for  valued 
advice  on  the  determination  of  hydrogen-ion  concentration. 

CONCLUSIONS. 

1.  Toxin  of  maximum  potency  is  produced  in  bouillon  by 
Bact.  diphtheria;  only  when  the  initial  reaction  falls  within  a 
certain  zone  of  alkalinity,  included  within  the  hydrogen-ion  con- 
centration limits  of  about  7.0  X  IQ-^  to  about  5.0  X  lO-^  Lux- 
uriant growth  of  the  organism  appears  to  be  possible  where  the 
reaction  of  the  bouillon  ranges  from  about  C+  =  1.0  X  IQ-'  to 
about  C+  =  8.4  X  IQW. 


2.  When  cultivated  in  plain  bouillon  under  optimal  conditions, 
Bact.  diphtheriae  undergoes  an  initial  increase  in  hydrogen-ion 
concentration.  This  is  soon  followed  by  a  steady  decrease  until 
apparently  a  limiting  alkaline  reaction  is  attained.  The  total  acid 
produced  is  relatively  small  and  seems  to  vary  in  amount  with 
each  individual  strain.  Toxicogenic  strains  appeared  to  develop 
more  acid  than  an  avirulent  strain.  The  initial  increase  in 
hydrogen-ions  is  due  to  fermentation  of  some  constituent  in  both 
peptone  and  beef  infusion. 

3.  No  direct  relationship  can  be  found  between  the  hydrogen- 
ion  concentration  of  the  medium  and  toxicity  during  the  growth 
of  Bact.  diphtheriae. 
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Oil  of  chenopodiuni  is  an  unusually  valuable  and  potent 
anthelmintic,  but  like  practically  all  potent  anthelmintics  it  exerts 
an  injurious  action  on  the  host  animal  to  some  extent,  an  action 
which  is  usually  very  slight,  but  sometimes  severe.  This  unde- 
sirable effect  has  been  noted  by  Rose'  in  the  following  terms : 

.'\larming  symptoms,  and  sometimes  death,  have  been  reported  in  the 
Southern  States,  the  West  Indian  colonies,  Panama,  Nicaragua,  Ceylon, 
and  Egypt  following  the  administration  of  the  drug  in  accordance  with 
accepted  methods  of  treatment,  and  in  nearly  every  instance  in  less  than 
the  maximum  dose.  E.xtreme  caution  in  the  use  of  the  drug  is  therefore 
indicated  until  its  proper  method  of  preparation  has  been  learned,  its 
chemical  composition  and  stability  standardized,  and  a  safe  dosage  and 
method  of  administration  established. 

As  one  of  us  (HalP)  has  noted  elsewhere,  the  injury  to  a 
patient  probably  depends  partly  on  the  rate  of  absorption  of  the 
anthelmintic,  and  in  this  connection  there  are  two  factors  to 
consider,  one  the  immediate  local  irritant  effect  of  rapid  absorp- 
tion on  the  digestive  tract,  and  the  other  the  more  remote  irritant 
and  toxic  systemic  effects  on  the  circulatory,  respiratory,  excre- 
tory and  nervous  systems. 

Of  these  two  factors,  the  last-named,  the  systemic  eft'ect,  has 
received  some  little  attention  from  a  number  of  workers,  espe- 
cially Salant  and  his  collaborators  '  ''  '''  ''  who  have  noted 
the  depressant  or  irritant  effects  on  the  circulatory,  respiratory, 
and  renal  mechanisms,  and  on  the  unstriped  musculature  of  the 
intestine.     Zeigler^  has  in  a  general  way  confirmed  their  work. 

.■\s  regards  the  other  factor,  the  irritant  effect  of  chenopodium 
on  the  digestive  tract,  little  is   said,  though   Rriining'*   noted  in 
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lOOG  the  production  of  gastro-intestinal  hyperemia  and  petechise 
by  chenopodiiim.  The  casual  statements  of  various  writers  who 
have  noted  vomiting  or  nausea  show  that  there  is  an  inkling,  but 
vaguely  formulated  as  yet  among  members  of  the  medical  pro- 
fession, to  the  effect  that  oil  of  chenopodium  acts  at  times  as  a 
gastro-intestinal  irritant.  Postmortem  findings  on  experiment 
dogs  in  this  laboratory  show  that  oil  of  chenopodium  docs  exert 
this  irritant  action  to  varying  degrees  in  different  individuals. 
This  paper  deals  specifically  with  this  point,  gastro-intestinal 
irritation,  and  indicates  what  appears  to  be  the  particular  cause 
for  the  irritation  and  the  remedy  for  it. 

In  a  paper  by  Hall  and  Foster"  covering  work  done  in  the 
United  States  Bureau  of  .Vnimal  Industry,  there  are  detailed 
some  experiments  in  which  oil  of  chenopodium  was  administered 
in  connection  with  liquid  petrolatum.  Some  similar  experiments 
are  noted  here.  These  experiments  show  that  the  combination  is 
not  a  success ;  the  anthelmintic  efficacy  of  the  drug  is  seriously 
impaired  and  occasional  dogs  show  injurious  effects.  These  find- 
ings deserve  emphasis,  for  the  reason  that  the  idea  of  combining 
oil  of  chenopodium  with  li(|uid  petrolatum  has  occurred  to  others 
as  being  perhaps  a  valuable  combination.  Thus  lloelscher'"  in 
a  discussion  of  mineral  oil  as  a  vehicle  says : 

Particularly  impressive  is  the  possibility  of  overcoming  hookworm 
and  other  intestinal  parasites  when  the  oil  is  comliined  with  chenopodium, 
iodine,  oil  of  turpentine,  guaiacol,  thymol,  pelletierine,  etc.,  and  since  the 
oil  is  not  absorbed  one  may  assume  that  these  rather  to.\ic  agents  may  also 
pass  through  the  gastro-intestinal  tract  unchanged.  This,  however,  calls 
for  considerable  investigation. 

Vanderkleed"  has  noted  the  finding,  in  a  market  sample  of 
oil  of  chenopodium,  of  adulteration  wiiii  I  I.:!  per  cent  of  an 
odorless  fixed  oil,  which  might  have  been  mineral  oil.  Additional 
evidence  obtained  in  this  laboratory  as  to  the  loss  of  potency  of 
oil  of  chenopodium  when  combined  with  li(|ui(l  petrolatum  led 
to  some  experiments  by  one  of  us  (Hamilton)  to  ascertain  the 
solubility  of  chenopodium  in  lic|uid  petrolatum.  It  was  observed 
tiiat  when  oil  of  chenopodium  was  first  shaken  up  with  li(iuid 
petrolatum,  the  resulting  i)reparation  was  slightly  opaque.  When 
allowed  to  stand,  a  small  amoiuit  of  a  thick,  dark-brown  material 
scparateil  out  at   tiic  bottom,   the   remainder  of   the  preparation 
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beconiini^'  clear  and  light-colored.     An  in\estigation  of  the  anthel- 
mintic properties  of  these  components  led  to  an  investigation  of 
the  distillation  products  of  oil  of  chenopodium,  with  results  which 
may  he  summarized  about  as  follows ; 

1.  Distillation  experiments  indicate  that  oil  of  chenopodium. 
like  most  of  the  volatile  oils,  has  no  distinct  boiling  point,  being 
composed  of  a  mixture  of  constituents  of  undetermined  char- 
acter. At  low  mercury  pressures  the  oil  distills  steadily  over  a 
wide  range  of  temperatures,  leaving  a  residue  amounting  to  about 
.")  per  cent  which  is  only  partially  volatile  and  is  gummy  or  res- 
inous in  character. 

The  first  distillate  is  very  light  colored,  in  some  cases  ahnost 
water  white.  The  distillate  becomes  progressively  darker  as  it 
distills  at  higher  temperatures  and  soon  accjuires  nearly  the  color 
of  the  original  oil.  The  odor  of  the  most  volatile  portion  most 
nearly  resembles  that  of  the  original  oil,  while  the  last  distillate 
and  that  remaining  in  the  flask  has  an  odor  resembling  turpentine. 

The  steadily  rising  temperature  and  equally  steady  distillation 
of  the  oil  gave  no  line  of  demarcation  to  indicate  that  any  consid- 
erable quantity  of  a  single  constituent  is  present. 

These  results  are  distinctly  at  variance  with  those  reported  by 
Schimmel  and  Company"  and  by  Nelson'^,  both  of  whom  sep- 
arated from  oil  of  chenopodium  a  considerable  portion  with  a 
distinct  boiling  point,  to  which  portion  the  name  ascaridol  was 
given. 

2.  Tests  of  the  distillation  products  obtained  indicate  that  the 
greatest  anthelmintic  efficacy  resides  in  the  lightest  fraction  of  the 
oil,  the  efficacy  suffering  a  diminution  as  the  heavier  fractions  are 
used.  Furthermore,  these  tests  indicate  that  the  heavier  fractions 
have  a  well-marked  action  as  gastro-intestinal  irritants,  capable 
of  producing,  in  doses  equivalent  to  the  therapeutic  dose  of  the 
oil,  hemorrhagic  conditions  of  the  stomach  and  intestine,  even  in 
the  presence  of  castor  oil,  which  is  highly  protective.  It  would 
therefore  appear  that  if  the  findings  reported  here  are  confirmed, 
the  product  marketed  as  oil  of  chenopodium  should  be  redistilled 
to  eliminate  a  fraction  which  has  less  anthelmintic  value  and  more 
irritant  and  toxic  properties  than  the  lighter  fraction.  Such  a 
])rocedure  should  add  to  the  value  and  safety  of  this  drug. 

The  detailed  experiments  performed  by  each  of  us  are  given 
below. 


INVESTIGATIONS  ON  THE  COMPOSITION  OF  OIL  OF 
CHENOPODIU^I. 

HERBERT    C.    HAMILTON. 

The  investigation  of  the  chemical  and  physical  characteristics 
of  this  oil  was  suggested  by  the  jieculiar  results  obtained  when 
it  was  mixed  with  petroleum  oil  and  administered  to  dogs.  The 
severe  effects  on  some  dogs  and  the  failure  of  the  oil  of  cheno- 
podium  to  produce  its  typical  anthelmintic  action  led  the  writer 
to  believe  that  the  active  constituent  was  soluble  in  the  petroleum 
oil  while  a  toxic  and  irritating  constituent  was  insoluble  and  was 
precipitated  on  the  stomach  and  intestinal  walls,  where  its  ab- 
sorption was  unhindered  and  therefore  prompt.  While  this  may 
be  partly  true  in  the  light  of  our  further  investigations,  the  point 
is  of  little  importance  because  of  the  fact  that  the  petroleum  oil  is 
not  an  active  purgative  and  the  mi.xture  has  no  practical  value. 

These  preliminary  exiwrinients  suggested  further  work  with 
the  idea  of  determining  whether  any  single  fraction  of  the  oil  has 
the  anthelmintic  property  and  whether  it  is  possible  to  eliminate 
the  constituents  responsible  for  the  toxic  and  irritating  effects 
occasionally  experienced  in  clinical  work. 

The  first  recorded  chemical  investigation  of  this  oil  is  that  of 
Kremers,"  who,  in  attempting  to  distill  it  at  atmospheric  pressure, 
found  that  decomposition  of  an  explosive  character  occurred 
when  the  oil  was  heated  to  boiling  temperature. 

This  work  was  followed  up  by  Schimmel  and  Company'-  on 
some  oil  specially  prepared  by  themselves  from  the  seed.  They 
verified  Kremers'  work  in  finding  that  above  100°  C.  at  atmos- 
pheric pressure  a  decomposition  of  extreme  violence  takes  place, 
making  it  necessary  to  carry  out  further  experiments  at  reduced 
pressure.  At  i5  mm.  pressure  they  found  that  the  oil  began  to 
distill  at  53°  C,  25  per  cent  coming  over  at  53°  to  79°.  At 
83°  (4  to  5  mm.  pressure)  they  obtained  a  fraction  which  con- 
stituted the  principal  part  of  the  oil  and  to  which  they  gave  the 
name  ascaridol.  Its  optical  rotation  was  found  to  be  ■ — 4.2°.  It 
was  described  as  having  an  olTensivc  odor  but  its  chemical  char- 
acter was  not  determined.  In  this  particular  sample  of  oil  they 
found  20  per  cent  hydrocarbons,  and  G5  to  70  per  cent  of  the 
fraction  named  ascaridol.  The  proportions  were  found  to  vary 
in  dilTcrent  lots  of  the  oil. 


Nelson'"  working  with  a  sample  probably  one  year  old  found 
the  original  oil  to  have  a  rotation  of  — 0.35°.*  Fractionating  at 
s  mm.  he  obtained  15  per  cent  of  a  hydrocarbon — the  first  dis- 
tillate— and  TO  per  cent  of  the  substance  to  which  Schimmel  gave 
the  name  ascaridol.  When  purified  its  boiling  point  was  96°  to 
97°  C.  at  8  mm.  pressure  with  an  optical  rotation  of  -|-0.7. 

Nelson  states: 

Schimmel  and  Company  found  ascaridol  to  be  inactive.  The  slight 
optical  activity  of  ascaridol  obtained  from  this  sample  is  no  doubt  due  to 
the  rather  large  amount  of  camphor  present,  from  which  the  ascaridol 
was  not  entirely  freed  on  fractionation. 

A  careful  reading  of  their  report  fails  to  verify  the  accuracy 
of  the  statement,  since  Schimmel  and  Company  gave  the  optical 
rotatioii  as  — 4.2°.  This  seems  the  more  probable  value  since 
none  of  the  fractions  obtained  in  my  experiments  was  found  to 
have  a  plus  rotation  or  to  be  inactive.  The  product  found  by 
.Schimmel  and  Company  to  be  optically  inactive  was  not  ascaridol, 
but  a  conversion  product  of  the  same  formula  having  entirely 
different  properties. 

In  the  following  experiments  in  this  laboratory,  an  attempt 
was  made  to  obtain  ascaridol  by  fractionation. 

Distillation  at  25  to  30  mm.  of  mercury,  the  lowest  pressure 
obtainable  at  the  time,  showed  that  at  no  single  point  was  any 
considerable  proportion  of  the  oil  volatile.  It  began  to  distill  at 
approximately  85°  C.  and  continued  to  come  over  at  a  practically 
uniform  rate  through  a  range  of  temperatures  up  to  140°  C. 

The  distillation  was  carried  out  in  a  Ladenburg  distilling  flask 
with  the  bulb  of  the  thermometer  about  1  inch  below  the  outflow 
tube.  The  following  percentages  were  obtained  at  approximately 
the  temperatures  in  the  parallel  column : 


TEMPERATURE  C. 

YIELD 

per  cent 

85^-100° 

20 

lOO'-llO" 

25 

110^-125° 

30 

125 ''-140° 

20 

above  140° 

5 

ot   conform   to    the   IS.   S.    P.    rec|uirements    for   the 


The  difficulties  met  with  in  maintaining  constant  teniiieratures 
and  pressure  after  removing  the  distilled  fraction,  make  these 
figures  unreliable  except  approximatel)-. 

While  these  results  seemed  to  disprove  the  statement  that  any 
considerable  proportion  of  oil  of  chenopodium  has  a  single  boiling 
point,  the  difference  between  the  pressure  at  which  the  above  dis- 
tillation was  carried  out  and  that  employed  by  Nelson  suggested 
the  use  of  a  more  efficient  vacuum  pump.  Under  a  vacuum  of 
2  to  5  mm.  of  mercury  no  marked  difference  was  noted  except 
that  there  was  a  shift  of  about  lo  in  the  boiling  points  of  the 
fractions.  Distillation  began  at  about  50°  and  the  oil  was  com- 
pletely distilled  at  100°.  except  a  giunmy  residue  amounting  to 
about  o  per  cent.  Redistillation  of  the  various  portions  showed 
practically  no  evidence  of  a  material  change  in  the  boiling  points. 

The  different  fractions  were  found  to  be  different  in 'anthel- 
mintic activity.  The  difference  is  sufficiently  marked  to  show  that 
the  fraction  having  the  lowest  boiling  point  and  highest  optical 
rotation  is  the  most  efficient  and  that  this  anthelmintic  efficiency 
decreases  as  the  distillation  tem|)eratures  of  the  tliffcront  frac- 
tions increase. 

Examinati'on  of  the  oils  for  optical  activity  showed  the  follow- 
ing results : 


FRACTION 

ROTATION 

Original  oil 

—  6.2° 

S.v-100°C. 

— 13.9° 

ino°-iio°c. 

—  6.6° 

110°-14S°C. 

-  1.2° 

85°-I25°C. 

-  7.7° 

Not  distilled  at  125° 

—  1.1° 

A   sample  of   .^^chinmiel   and   Comjiany's  oil    was   distilii 
2')  mm.  pressure  and  the  following  data  nbtaincd: 


BOILING   TOINTS  OF 

YIELD 

OPTICAL  ROTATION 

SPECIFIC  GRAVITY 

FRACTION 

/>(•(•  cent 

Ori(?iiial   oil 

-  6.0° 

(l.''.S7 

8S'-I00°C. 

2A 

—13.4° 

OMH 

I00'-110°C. 

22 

-  7.3" 

n.9,?.i 

110  -120°C. 

26 

-  2.6° 

0,9').i 

.Mtove  120° 

20 

-  l.S" 

l.(U() 

Residue  not  distilled  amounted  to  about  (>  to  8  per  cent,  but 
on  account  of  the  small  amount  and  gummy  properties  no  ex- 
amination was  made  of  it. 

In  the  course  of  the  experiments  a  number  of  different  parts 
of  oil  of  chenopodium  or  treated  samples  were  prepared  by  one 
of  us  (Hamilton)  and  tested  for  anthelmintic  action  by  the  other 
(Hall). 

No.  1.     The  part  insoluble  in  medicinal  petroleum  oil  (American  Oil). 

No.  2.  The  part  entirely  soluble  in  this  oil  but  recovered,  being  sep- 
arated by  shaking  out  with  alcohol  and  the  alcohol  removed  by  evapor- 
ation. 

No.  3.  A  sample  consisting  of  oil  of  chenopodium  dissolved  in  Amer- 
ican Oil. 

No.  4.  A  sample  of  oil  of  chenopodium  treated  with  alcoholic  caustic 
potash  to  saponify  it.  The  mi.xture  was  shaken  thoroughly  with  water  to 
remove  water  soluble  constituents,  and  the  supernatant  layer  separated  for 
testing. 

No.  5.  Distillate  at  30  mm.  mercury,  including  those  portions  boiling 
below  125°C.  Appro-ximate^-  60  per  cent.  This  was  a  preliminary  at- 
tempt, imperfectly  carried  out. 

No.  6.  Second  portion  from  above  distillation,  including  those  frac- 
tions between  125°  and  140^ C.    33  per  cent. 

No.  7.     Residue  not  distilled  at  140°C.    30  mm.  mercury. 

No.  8.  Residue  remaining  after  evaporation  of  oil  of  chenopodium 
on  the  steam  bath.     About  3  per  cent. 

A  second  series  of  distillates  were  obtained  by  more  careful 
fractionation. 

No.  9.  First  distillate  including  fractions  boiling  below  100°C.  at 
30  mm.  mercury.    26  per  cent. 

No.  10.     Second  distillate,  100°  to  110°C.    28  per  cent. 
No.  11.     Third  distillate,  110°  to  140°C.    30  per  cent. 
No.  12.     Residue  not  distilled  at  140°C. 

A  third  series  of  distillates. 

No.  13.     Total  distillate  to  125°C.    74  per  cent. 

No.  14.     Residue  not  distilled  at  12S°C.    26  per  cent. 

No.  15.  Oil  of  chenopodium,  Schimmel,  distilled  to  obtain  all  that 
portion  volatile  below  130°.    About  95  per  cent  distilled. 

No.  16.     Residue  from  above.    5  per  cent. 

No.  17.     Sample  9  treated  with  freshly  prepared  FeSOj. 

No.  18.  Similar  to  No.  15  but  distilled  at  2  to  5  mm.  mercury.  All 
but  about  6  per  cent  distilled  below  100°C. 

No.  19.     Residue  from  above. 
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Samples  13  and  14  were  prepared  to  obtain  a>  nearly  as  pos- 
sible the  active  but  less  irritating  part  in  the  tirst  distillate. 
Sample  17  was  prepared  to  determine  whether  the  reduced  oil — 
the  glycol  described  by  Xelson''' — has  ac(|uired  ditYerent 
properties. 

In  addition  to  the  aboye  experiments  some  blood-pressure 
tests  were  applied  to  the  original  oil  and  to  two  of  the  fractions 
to  determine  whether  the  characteristic  depressant  effects  de- 
scribed by  Salant  and  Livingston''  could  be  used  as  a  means  of 
selecting  certain  portions  less  depressant.  These  were  carried  out 
with  emulsions  of  the  oil  prepared  in  various  ways,  the  amount 
used  being  0.03  mil  of  the  oil.  The  dogs  were  anesthetized  with 
trichlor-tertiarybutyl  alcohol  (chloretone)  and  the  blood-pressure 
recorded  by  mercury  manometer.  The  depressant  effect  followed 
profnptly,  showing  considerable  fall.  This  effect,  however, 
seemed  to  have  no  great  degree  of  regularity,  either  in  dilTcrent 
dogs  or  on  the  same  dog. 

The  first  distillate  and  the  undistilled  residue  were  then  com- 
pared, with  the  result  that  while  this  depressant  effect  is  found  to 
be  inconstant  and  consequently  of  little  value  tor  comparing 
different  samples,  nevertheless  no  material  dit't'erence  could  be 
observed  between  the  two  fractions  whicli  rt  present  tlie  lowest 
and  the  highest  boiling  parts  of  the  oil. 

The  failure  to  obtain  a  material  quantity  of  tin-  oil  having  a 
fi.xed  boiling  point  cannot  be  explained  at  this  lime  and  is  merely 
recorded  without  comment.  The  results  of  the  above  experi- 
ments would  indicate  that  the  so-called  ascaridol  shoukl  have 
been  found  near  the  end  of  the  distillation  both  from  the  re- 
corded boiling  point — !U)^  to  07'^  C".  at  H  mm.  mercury — and  from 
the  observed  low  optical  activity. 

Data  on  this  ])oint  in  the  work  reviewed  are  insnfticicnt  to 
determine  exactly  what  position  in  the  whole  nil  \v;is  occujiied 
by  the  70  per  cent  which  ;ipiieared  to  be  a  chemical  conii)ound 
of  definite  composition.  Without  an\'  (|uestion,  however,  it  did 
not  include  the  first  fraction. 

Our  observations  showed  tiial  the  most  desirable  part  of  the 
oil  and  that  having  the  characteristic  odor  and  effect  of  the 
original  oil  is  that  part  containing  the  lower  boiling  fractions  and 
having  the  biglu'st  <iptical  activity. 
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THE  ANTHELMINTIC  \*ALUE  OE  CHENOPODIUM 

COAIPONENTS. 

MAURICE  C.   HALL. 

Inasmuch  as  chenopodium  is  specifically  ascaricidal,  having  a 
decidedly  higher  efficacy,  when  administered  in  a  sing-le  thera- 
peutic dose,  against  ascarids  than  is  shown  by  any  other  known 
anthelmintic,  similarly  administered,  against  any  worm,  the 
common  ascarid  of  the  dog  was  used  as  the  test  worm  in  deter- 
mining the  anthelmintic  value  of  chenopodium  products.  The 
writer'"  has  elsewhere  pointed  out  tliat  anthelmintics,  or  other 
substances,  passing  the  ileocecal  or  ileocolic  valve  do  not  always 
enter  the  cecum,  so  that  the  whipworm,  located  usually  in  the 
cecum,  will  not  serve  as  a  test  worm  and  is  disregarded  here: 
Hookworms  cannot  be  removed  with  anything  like  100  per  cent 
efficacy  by  safe  therapeutic  doses  of  any  anthelmintic  that  we  are 
at  present  aware  of,  so  these  wonns  are  disregarded  here.  The 
results  of  numerous  tests  by  the  writer''  having  established  that 
for  oil  of  chenopodium  a  dose  of  0.1  mil  per  kilo  can  be  depended 
on  to  remove  all  ascarids  from  the  dog  in  the  great  majority  of 
cases,  this  dose  is  referred  to  in  this  paper  as  the  standard  dose. 
The  lesions  in  the  gastro-intestinal  tract  were  determined  by  the 
slitting  of  the  entire  tract,  with  an  enterotome,  from  the  stomach 
through  the  rectum,  and  the  careful  washing  and  examination  of 
the  mucosa. 

To  study  the  action  of  oil  of  chenopodium  in  a  certain  limited 
range  of  administration,  such  as  its  action  with  liquid  petrolatum, 
and  to  ascertain  the  efficacy  of  the  various  chenopodium  prepara- 
tions furnished  by  my  colleague  (Hamilton),  the  following  ex- 
periments were  performed,  the  method  used  being  that  of  Hall 
and  Foster''' — i.e.,  the  collection  of  all  worms  from  the  feces  after 
treatment  and  from  the  dog  postmortem : 

Dog  26.  a  terrier  weighing  5.S  kilos,  was  given  10  minims  of  oil  of 
clienopodium,  a  dose  slightly  exceeding  the  standard  0.1  mil  per  kilo  dose, 
in  a  soluble  elastic  capsule,  followed  immediately  by  30  mils  of  liquid 
petrolatum  (American  oil).  The  dog  passed  11  ascarids  in  the  next  4 
days.  The  animal  was  killed  the  fourth  day  and  found  to  have  6  ascarids 
in  the  stomach  and  17  in  the  small  intestine.  The  treatment  was  therefore 
35  per  cent  effective.  The  small  intestine  showed  locally  inflamed  areas 
throughout.  This  illustrates  the  diminished  efficacy  of  chenopodium  when 
.liiven   with   licjuid   petrolatum. 
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Dog  121,  a  mongrel  weighing  12.75  kilos,  was  given  2.5  mils  of  oil 
of  American  wormseed  (a  dose  rate  of  0.2  mil  per  kilo,  or  double  that 
which  has  been  reported  by  Hall"  as  necessary  for  oil  of  chenopodium 
when  given  with  castor  oil)  shaken  up  with  30  mils  of  liquid  petrolatum. 
Between  5  and  10  mils  of  this  material  was  lost  in  dosint;.  leaving  an 
amount  usually  more  than  sufficient  to  attain  100  per  cent  efficacy  against 
ascarids  if  given  with  castor  oil.  No  feces  were  passed  the  day  after 
treatment,  indicating  that  the  mineral  oil  did  not  overcome  the  constipating 
effect  of  the  chenopodium.  No  worms  were  passed  during  the  4  days  after 
treatment  and  postmortem  on  the  fourth  day  showed  28  whipworms  pres- 
ent. The  treatment  was  therefore  0  per  cent  effective  against  whipworms, 
which  is  not  surprising,  as  single  dose  treatments  are  commonly  ineffective 
against  tliese  worms.  The  digestive  tract  was  normal.  Tlie  c.xporinient 
was  inconclusive. 

Dog  247,  a  mongrel  bulldog  weighing;  10  kilos,  was  given  oil  of  cheno- 
podium at  the  rate  of  1  mil  per  kilo,  which  is  double  the  rate  regarded  by 
Zeigler'  as  lethal  for  dogs,  thoroughly  mixed  with  50  mils  of  liquid 
petrolatum.  ( Salant  and  Nelson"  did  not  find  approximately  0.5  mil 
per  kilo  lethal  for  dogs.)  Part  of  the  dose  evidently  entered  the  hmgs. 
The  dog  vomited  within  twenty  minutes  and  defecated  within  twenty-five 
minutes.  The  next  day  the  dog  was  curled  up  in  its  cage,  much  depressed, 
trembling,  and  with  its  eyes  shut.  The  temperature  was  101.2°.  The  next 
da\'  the  dog  had  passed  6  ascarids.  The  dog  was  now  comatose,  the  tem- 
perature dropped  to  94.7°,  breathing  ceased,  the  heart  beat  a  few  times  at 
long  intervals  and  then  stopped,  except  for  a  slow  peristalsis-like  move- 
ment visil)le  on  opening  the  chest  and  which  persisted  even  when  the  heart 
was  cold.  No  worms  were  found  postmortem,  so  the  treatment  with  this 
very  large  dose  of  chenopodium  was  100  per  cent  effective  against  the 
test  worms,  ascarids,  even  when  masked  with  liquid  petrolatum.  .Ml  the 
left  lobes  of  the  lung  were  in  a  state  of  red  hepatization,  probably  from 
the  drench.  The  kidneys  were  highly  inflamed.  The  stomach  was  hemor- 
rhagic in  places  and  the  tops  of  the  gastric  folds  were  necrotic  in  places. 
The  Pcyer's  patches  showed  hemorrhages  in  the  mucosa  or  suhmucosa, 
and  there  were  areas  in  the  jejunum  that  appeared  eroded.  The  large 
intestine  and  cecum  were  inflamed  and  in  places  hemorrhagic,  The  dose 
of  oil  of  chenopodium  was  so  large  that  the  liquid  petrolatum  did  not 
sufficiently  mask  its  anthelmintic  activity  or  its  irritant  action. 

Preparation  1,  the  part  of  oil  of  clK-iiopodiiini  insolul)lc  in 
liquid  petrolatum,  was  tested  as  follows : 

Dog  136,  a  mongrel  weighing  8.5  kilos,  was  given  preparation  1  at  tlie 
rate  of  0.04  gram  per  kilo,  a  dose  of  0.34  gram,  followed  immediately  by 
30  mils  of  castor  oil.  No  worms  were  passed.  The  dog  was  killed  the 
fourth  day  after  treatment,  and  no  worms  recovered  postmortem.  The 
digestive  tract  was  normal. 
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Dog  142,  a  bulldog  weighing  12.5  kilos,  was  given  preparation  1  at 
the  rate  of  0.02  gram  per  kilo,  a  dose  of  0.25  gram,  followed  immediately 
by  30  mils  of  castor  oil.     The  second  day  after  treatment  the  dog  passed 

1  ascarid.  The  dog  was  killed  the  fourth  day  after  treatment  and  on  post- 
mortem had  3  whipworms.  The  treatment  was  therefore  100  per  cent 
effective  against  ascarids  and  0  per  cent  eiifective  against  whipworms. 
There   was  a   group  of   fine  petechise  in  the   duodenum   and   there   were 

2  small  inflamed  areas  in  the  jejunum. 

Dog  144,  a  mongrel  weighing  14.5  kilos,  was  given  preparation  1  at  a 
rate  slightly  less  than  0.014  mil  per  kilo,  for  a  total  of  0.2  gram,  followed 
immediately  by  30  mils  of  castor  oil.  The  dog  passed  no  worms.  The 
animal  was  killed  the  sixth  day  after  treatment  and  on  postmortem  was 
found  to  have  1  ascarid,  7  whipworms,  2  Taenia  pisiformis  and  2  Dipy- 
lidium.  The  treatment  was  therefore  0  per  cent  effective  against  ascarids, 
whipworms.  Taenia  and  Dipylidium,  which  is  not  surprising  in  view  of 
the  fact  that  this  is  a  light  dose.  Such  a  dose  should  only  be  effective 
against  the  test  worms,  ascarids,  in  case  the  anthelmintic  value  of  oil  of 
chenopodium  resided  in  this  preparation,  with  the  effective  chenopodium 
dose  0.1  gram  per  kilo,  but  our  other  experiments  show  that  the  anthel- 
mintic properties  of  oil  of  chenopodium  are  well  distributed  through  the 
oil,  the  lighter,  rather  than  the  heavier,  parts,  excelling  in  this  respect. 
The  digestive  tract  in  this  dog  showed  numerous  small  inflamed  points 
apparently  corresponding  to  inflamed  villi  on  close  exinaination,  some- 
times alone  and  at  times  aggregated  to  form  inflamed  areas,  throughout 
the   small  intestine. 

Preparation  2,  the  recovered  part  of  the  oil  of  chenopodium 
which  is  soluble  in  licjuid  petrolatum,  was  tested  as  follows : 

Dog  147,  a  mongrel  weighing  7  kilos,  was  given  this  preparation  at 
the  rate  of  0.2  mil  per  kilo,  a  dose  of  1.4  mils.  The  next  day  the  dog 
passed  33  ascarids.  The  animal  was  killed  the  fourth  day  and  found  free 
from  worms.  The  treatment  was,  therefore,  100  per  cent  effective  against 
the  test  worms,  ascarids.  The  lower  portion  of  the  ileum  was  moderateb* 
inflamed.  The  portion  of  the  oil  of  chenopodium  which  dissolves  in  liquid 
petrolatum  is  therefore  anthelmintic. 

Preparation  3.  the  petrolatum-soluble  part  of  oil  of  cheno- 
podium left  dissolved  in  liquid  petrolatum,  was  tested  as  follows : 

Dog  132.  an  .A.iredale  weighing  18.25  kilos,  was  given  this  preparation 
containing  oil  of  chenopodium  at  the  rate  of  0.2  mil  per  kilo,  or  3.65  mils, 
dissolved  in  26.35  mils  of  liquid  petrolatum  to  make  a  total  of  30  mils. 
The  dog  passed  no  worms  and  was  killed  the  fourth  day.  No  worms 
were  found  postmortem.  The  individual  villi  over  large  areas  in  the 
duodenum  and  upper  jejunum  were  a  pronounced  yellow;  the  remainder 
of  the  digestive  tract  was  normal. 
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Dog  140,  a  mongrel  weighing  6.75  kilos,  was  given  this  preparation 
containing  oil  of  chenopodiuin  at  the  rate  of  almost  0.7  mil  per  kilo,  a 
dose  of  4.6  mils,  dissolved  in  23.4  mils  of  liquid  petrolatum  to  make  a 
total  of  30  mils.  The  dose  used  is  in  e.xcess  of  the  minimum  lethal  dose 
of  0.5  mil  per  kilo,  as  ascertained  by  Zcigler."  The  dog  passed  no 
worms  and  was  killed  the  fourth  day.  On  postmortem,  the  animal  was 
found  to  have  5  ascarids  and  4  tapeworms.  The  treatment,  in  spite  of  the 
excessive  dose  employed,  was  therefore  0  per  cent  effective  against  the 
test  worms,  ascarids.  and  against  tapeworms,  indicating  that  the  anthel- 
mintic properties  of  the  drug,  shown  to  he  highly  active  in  the  experiment 
with  preparation  2  on  dog  147,  were  effectively  masked  by  the  liquid  petro- 
latum. The  digestive  tract  showed  3  small  hemorrhages  in  the  lower 
ileum. 

The  above  e.xperinient.-;,  wliile  not  enlireh-  satisfactory,  seemed 
to  show  the  following  facts:  Oil  of  chenopodiinn  dissolves  to  a 
larg(;  extent  in  liquid  petrolatum,  leaving  a  portion  amounting  to 
about  10  per  cent,  a  dark,  gummy  substance,  that  does  not  dis- 
solve but  settles  out  at  the  bottom;  both  the  lighter  solulile  pari 
and  the  heavier  insoluble  part  are  anthelmintic;  when  the  soluble 
part  is  administered  dissolved  in  an  excess  of  liquid  petrolaliuii 
the  anthelmintic  efilicacy  is  masked,  so  much  so  that  a  dose  of 
0.7  mil  per  kilo,  more  than  a  minimum  lethal  dose,  dissolved  in 
five  times  its  volume  of  liquid  petrolatum,  has  an  anthelmintic 
efficacy  of  zero,  and  exerts  almost  no  bad  etTect  on  ibe  digestive' 
tract;  when  oil  of  chenopodium  is  given  in  ddiiMe  tlu'  mininuiin 
lethal  dose,  dissolved  in  live  times  its  xdhinie  of  liquid  pt-trolaluni. 
so  far  as  it  is  soluble  in  liiis,  death  endues  inside  of  forty-eight 
hours,  due  in  ])art.  ])robably.  to  ibe  inilant  tlfecls  of  llie  ajiiiroxi- 
mate  O.I  mil  per  kilo  of  insoluble  material  present  and  in  pari  to 
the  large  dose  of  oil  taken  in. 

The  chief  value  <<\  the  ;ib(ive  exi)erinKin>  was  in  sugjjeslin;; 
additional  experimenlalion.  Two  prodncis  idnned  by  combina- 
tion with  oil  of  chenoi'odiinn  wire  prepared  by  1  lainillon  and 
tested  Ijy  me.  Preparation  I.  made  by  tre.-iling  oil  of  chenopodiinn 
with  KOH,  was  tested  as  follows: 

Dog  149,  a  spaniel  mongrel  weighing  9.25  kilos,  was  given  this  prei)- 
aration  at  the  rate  of  0.2  mil  per  kilo,  for  a  dose  of  1.9  mils,  fi>llowed  im- 
mediately hy  .30  mils  of  castor  oil.  The  ne.xt  day  the  dog  passed  1  hook- 
worm. The  dog  was  killed  on  the  si.\th  day  and  on  postmortem  was  found 
free  from  worms.  The  treatment  was  therefore  100  per  ii-nt  otTertive 
against  hookworms.     The  digestive  tract  was  normal. 
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Dog  160,  a  mongrel  weighing  14.5  kilos,  was  given  this  preparation, 
No.  4,  at  the  rate  of  0.2  mil  per  kilo,  for  a  dose  of  2.9  mils,  without  castor 
oil.  The  animal  had  a  severe  diarrhea  at  the  time  of  treatment.  It  vom- 
ited twice  soon  after  treatment  and  passed  17  ascarids  in  about  a  half 
hour.  The  next  day  the  dog  was  very  weak  and  trembling  and  was  given 
30  mils  of  castor  oil  about  twenty  hours  after  treatment.  The  second  day 
after  treatinent,  the  animal  was  entirely  paralyzed,  dying  during  the  day. 
No  worms  were  found  postmortem,  so  the  treatment  was  100  per  cent 
effective  against  the  test  worms,  ascarids.  The  greater  curvature  of  the 
stomach  was  somewhat  inflamed  and  the  remainder  of  the  digestive  tract 
was  inflamed  and  hemorrhagic.  It  is  likely  that  there  was  an  enteritis, 
indicated  by  the  diarrhea,  at  the  time  of  treatment,  and  that  this  was  ag- 
gravated to  a  fatal  termination  by  the  treatment,  especially  in  the  absence 
of  the  protection  of  castor  oil,  which  was  administered  too  late  to  be  of 
value.  The  KOH  may  form  a  more  rapidly  soluble  combination  with  the 
oil  of  chenopodium. 

The  conclusion  from  the  above  is  that  the  treating  of  oil  of 
chenopodium  with  KOH  does  not  deprive  it  of  its  anthelmintic 
])roperties,  but  may  increase  its  injurious  effects  on  the  host. 
As  the  preparation  did  not  appear  to  us  to  promise  anything  of 
value,  no  further  tests  were  made  to  settle  these  points. 

Preparation  17.  formed  by  treating  oil  of  chenopodium  with 
FeSOj,  was  tested  as  follows : 

Dog  241,  a  terrier  weighing  13  kilos,  was  given  this  preparation  at  the 
rate  of  0.1  mil  per  kilo,  for  a  dose  of  1.3  mils,  followed  immediately  by 
30  mils  of  castor  oil.  Two 'days  later  the  dog  passed  2  ascarids.  The 
animal  was  killed  on  the  sixth  day  after  treatment  and  on  postmortem 
was  found  to  have  1  ascarid  and  1  Dipylidium.  The  treatment  was  there- 
fore 67  per  cent  effective  against  the  test  worms,  ascarids,  and  0  per  cent 
effective  against  Dipylidium.  The  stomach  showed  petechia  in  the  mucosa 
of  the  cardia  and  of  the  greater  curvature;  the  duodenum  was  congested 
and  the  lower  jejunum  showed  numerous  petechiee  and  ecchymoses.  In 
view  of  the  apparently  injurious  effect  of  the  product  on  the  digestive 
tract  and  its  failure  to  show  the  100  per  cent  efficacy  that  ma\-  be  obtained 
in  the  same  dosage  from  oil  of  chenopodium,  the  product  was  not  tested 
further. 

The  most  interesting  and  suggestive  experiments  are  those 
dealing  with  distillation  products.  In  the  following  notes,  products 
distilling  up  to  125°  C.  at  30  mm.  of  mercury,  or  approximately 
equivalent  products  at  other  temperatures  and  pressures,  are 
called   li,ght   preparations.      Those  containing  products   distilling 


above  125°  C.  at  30  mm.  of  mercury,  or  equivalent  products,  are 
called  heavy  preparations ;  such  preparations  in  some  cases  con- 
tain lighter  products  in  addition  to  the  heavier. 

The  experiments  in  administerint;  the  heavy  ]irei)arations 
were : 

Dog  193,  a  mongrel  weighing  9  kilos,  was  given  preparation  6,  distilling 
at  125°  to  140°C.  at  30  mm.  of  mercury,  at  the  rate  of  0.1  mil  per  kilo,  a 
dose  of  0.9  mil,  followed  immediately  by  30  mils  of  castor  oil.  The  dog 
passed  no  worms  and  was  found  dead  the  morning  of  the  fourth  day. 
The  animal  had  1  ascarid  in  the  stomach  and  1  in  the  small  intestine,  so 
the  treatment  was  0  per  cent  effective.  There  were  a  few  small  inflamed 
areas  in  the  gastric  mucosa,  a  few  petechiae  in  the  upper  jejunum,  and 
the  large  intestine  and  cecum  were  inflamed.  The  animal  had  distemper, 
a  fact  which  must  be  kept  in  mind  in  connection  with  the  lesions  and 
death  in  this  case. 

Dog  196,  a  mongrel  spaniel  weighing  9.5  kilos,  was  given  this  same 
preparation.  No.  6,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  0.95  mil,  fol- 
lowed immediately  by  30  mils  of  castor  oil.  The  second  day  after  treat- 
ment the  dog  passed  3  ascarids,  and  the  third  day  passed  2  ascarids.  The 
fifth  day  after  treatment  the  dog  voinited  20  ascarids,  but  the  removal  of 
these  worms  cannot  be  credited  to  the  anthelmintic  efficacy  of  the  treat- 
ment ;  the  usual  explanation  for  vomiting  worms  would  be  that  the  stom- 
ach had  been  invaded  by  active,  live  worms,  giving  rise  to  irritation  and 
emesis.  and  this  is  the  logical  explanation  here.  The  dog  was  killed  on 
this  fifth  day  and  found  to  have  7  ascarids  in  the  small  intestine,  touether 
with  2  hookworms  and  11  Dipylidium.  The  treatment  was  therefore  14 
per  cent  effective  against  ascarids  and  0  per  cent  effective  against  hook- 
worms and  Dipylidium.  The  mucosa  of  the  duodenum  and  upper  jejunum 
was  mildly  inflamed  and  there  were  inflamed  areas  in  the  cecum. 

Dog  192,  a  collie  weighing  10.5  kilos,  was  given  preparation  7,  the 
residue  left  after  distilling  at  HOT.  at  30  mm.  of  mercury,  at  the  rate  of 
0.1  mil  per  kilo,  a  dose  of  1.05  mils,  followed  immediately  by  30  mils  of 
castor  oil.  The  dog  passed  1  ascarid  the  .second  or  third  day  after  treat- 
ment and  was  killed  on  the  sixth  day.  Two  ascarids,  4  hookworms,  6 
whipworms  and  1  Dipylidium  were  found  postmortem.  The  treatment 
was  therefore  33  per  cent  effective  against  ascarids,  and  0  per  cent  effective 
against  hookwortus,  whipworms  and  Dipylidium.  The  stomach  showed 
healing  petechia;  and  the  small  intestine  was  moderately  inflamed.  There 
were  petechia;  associated  with  the  hookworms  in  the  small  intestine  and 
a  small  inflamed  area  at  the  tip  of  the  cecum  where  the  whipworms  were 
attached. 

Dog  198,  a  mongrel  terrier  weighing  10  kilos,  was  given  preparation 
8,  the  residue  left  after  evaimrating  oil  of  chenopodium  on  a  steam  bath. 
*t  the  rate  of  0.0.18  gram  per  kilo,  a  dose  of  0.38  gram,  followed  imme- 
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iliutely  liy  30  mils  of  castor  oil.  The  dog  passed  1  ascarid  and  1  whip- 
worm on  the  third  or  fourth  day.  The  animal  was  killed  on  the  fourth 
day  and  found  to  have  26  ascarids,  16  hookworms  and  1  whipworm.  The 
treatment  was  therefore  4  per  cent  effective  against  ascarids,  0  per  cent 
effective  against  hookworms,  and  50  per  cent  effective  against  whipworms. 
However,  this  is  only  a  little  over  a  third  of  the  usual  dose  rate  used  for 
oil  of  chenopodium  and  its  preparations  in  these  experiments.  The  gastric 
mucosa  had  a  small  area  of  fine  petechiae  and  the  duodenum  was  mildly 
inflamed. 

Dog  207,  a  bull  mongrel  weighing  lO.S  kilos,  was  given  preparation  11, 
distilling  at  110°  to  140°C.  at  30  mm.  of  mercury,  at  the  rate  of  0.1  mil 
per  kilo,  a  dose  of  1.05  mils,  followed  immediately  by  30  mils  of  castor  oil. 
The  second  day  after  treatment  the  dog  passed  1  ascarid  and  the  fourth 
or  fifth  day  passed  another.  The  dog  was  killed  the  fifth  day  and  was 
found  to  have  1  hookworm  and  7  Dipylidium.  The  treatment  was  there- 
fore 100  per  cent  effective  against  ascarids  and  0  per  cent  effective  against 
hookworm  and  Dipylidium.  The  ascaricidal  action  was  slow,  although 
this  oil,  rated  here  as  a  heavy  preparation  because  containing  products 
distilling  over  125°,  has  also  a  content  distilling  from  110°  to  125°.  The 
stomach  showed  hemorrhagic  areas  in  the  pyloric  region. 

Dog  213,  a  hound  weighing  17  kilos,  was  given  preparation  12,  the 
residue  not  distilling  over  at  145°  at  30  mm.  of  mercury,  at  a  rate  of  0.1 
mil  per  kilo,  a  dose  of  1.7  mils,  followed  immediately  by  30  mils  of  castor 
oil.  The  dog  passed  no  worms  and  was  killed  on  the  fourth  day.  The 
animal  was  found  to  have  44  ascarids,  59  hookworms,  1  whipworm  and  1 
Dipylidium.  The  treatment  was  therefore  0  per  cent  effective  against 
ascarids,  hookworms,  whipworms  and  Dipylidium.  The  stomach  showed 
numerous  petechial  hemorrhages  in  the  cardia  and  a  congestive  condition 
of  the  duodenum  and  jejunum. 

Dog  231,  a  mongrel  pup  weighing  11.5  kilos,  was  given  this  same 
preparation,  No.  12,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  1.15  mils, 
followed  immediately  by  30  mils  of  castor  oil.  The  next  day  the  dog  had 
passed  or  vomited  3  ascarids,  and  the  next  day  had  passed  2  more.  The 
animal  was  killed  on  the  fourth  day  and  found  to  have  16  ascarids  in  the 
small  intestine,  1  in  the  stomach,  and  1  in  the  large  intestine,  and  1  whip- 
worm in  the  cecum.  Crediting  the  ascarid  in  the  large  intestine  to  the 
treatment,  the  treatment  was  26  per  cent  effective  against  ascarids  and  0 
per  cent  effective  against  whipworms.  The  stomach  showed  an  area  about 
1.5  cm.  in  diameter  of  inflammation  and  petechiae  in  the  cardia. 

Dog  235,  a  collie  weighing  12.5  kilos,  was  given  this  same  preparation, 
Xo.  12,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  1.25  mils,  followed  im- 
mediately by  30  mils  of  castor  oil.  The  dog  passed  no  worms  and  was 
killed  on  the  sixth  day  after  treatment.  On  postmortem  examination  the 
animal  had  69  whipworms  and  2  Dipylidium,  so  the  treatment  was  0  per 
cent  effective  against  these  worms.  The  entire  digestive  tract  was  normal 
at  this  time. 
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Dog  212,  a  mongrel  liulldog  weighing  15  kilos,  was  given  preparation 
14.  the  fraction  which  did  not  distill  over  at  125° C.  at  30  mm.  of  mercury, 
at  a  rate  of  0.1  mil  per  kilo,  a  dose  of  1.5  mils,  followed  immediately  by 
30  mils  of  castor  oil.  The  dog  passed  no  worms  and  was  killed  on  the 
fourth  day.  The  animal  was  found  to  have  2  whipworms  postmortem, 
so  the  treatment  was  0  per  cent  effective  against  whipworms,  which  per- 
mits of  no  conclusions  as  to  anthelmintic  efficacy,  since  the  test  worm  for 
this  drug,  the  ascarid.  was  not  |)resent.  The  entire  digestive  tract  was 
normal. 

Dog  215,  a  mongrel  collie  pup  weighing  7.5  kilos,  was  given  this  same 
preparation.  No.  14,  at  the  rate  of  0.6  mil  per  kilo,  a  little  more  than  the 
minimum  lethal  dose  of  0.5  mil  per  kilo  published  by  Zeigler."  a  dose 
of  4.5  mils,  preceded  immediately  by  30  mils  of  castor  oil.  The  third  day 
after  this  very  large  dose,  the  dog  passed  2  ascarids.  The  animal  was 
killed  on  the  si.xth  day  after  treatment  and  found  to  have  46  Dipylidium. 
The  treatment  was  therefore  100  per  cent  effective  against  ascarids  and 
0  per  cent  effective  against  Dipylidium.  The  stomach  showed  several  dis- 
crete hemorrhagic  areas,  2  to  3  mm.  in  diameter,  in  the  cardia ;  the  duo- 
denum and  upper  jejunum  were  moderately  inflamed  and  there  were  very 
numerous  petechise  in  the  lower  jejunum  and  upper  ileum.  The  pro- 
tective action  of  30  mils  of  castor  oil  in  saving  the  life  of  a  dog  after  the 
administration  of  more  than  the  minimum  lethal  dose  of  a  chenopoilium 
product,  is  worthy  of   note. 

Dog  221.  a  spaniel  weighing  10  kilos,  was  given  this  same  preparation, 
No.  14,  at  the  same  rate  of  0.6  mil  per  kilo  as  in  the  case  of  the  preceding 
dog,  but  was  not  given  any  castor  oil.  The  dog  was  profusely  salivated 
and  vomited  about  ten  minutes  after  dosing.  The  animal  was  very  un- 
easy and  excited,  and  tried  to  force  its  way  out  of  the  cage.  Later,  it 
staggered  about  and  would  get  up  on  its  bench,  lie  there  with  its  head 
hanging  down,  and  then  fall  off.  It  seemed  much  nauseated  and  dizzy, 
and  had  to  support  it.self  against  the  walls  of  the  cage.  In  an  hour  or  so, 
the  animal  was  lying  down  in  its  cage  with  its  nose  shoved  in  a  corner 
and  the  legs  moving  slowly  back  and  forth.  Feces  were  passed  about  a 
half  hour  alter  dosing.  The  next  morning  the  dog  was  found  dead.  Two 
ascarids  and  1  hookworm  were  found  in  the  small  intestine  and  1  hook- 
worm MI  the  fecal  matter  in  the  large  intestine,  but  the  animal  died  too 
soon  to  permit  of  conclusions  regarding  etiicacy.  The  stomach  was  gen- 
erally inflamed,  the  duodenum,  upper  jejuiunn  and  ileum  were  inflamed 
and  in  places  hemorrhagic,  and  most  of  the  I'eyer's  patches  were  inflamed. 
The  speedy  death  of  this  dog  bears  out  the  protective  function  of  the 
castor  oil  in  the  case  of  the  preceding  dog. 

Dog  224.  a  mongrel  weighing  10  kilos,  was  given  Ibis  same  prep.ira- 
tion.  No.  14,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  1  mil,  followed 
immediately  by  30  mils  of  castor  i)il.  The  next  day  the  dog  (lassed  6 
ascarids.     The  animal   was  killed  on   the   fifth  ilav  and    I'nund 'free   from 
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worms.     The  treatment  was  therefore  100  per  cent  effective.    The  stomach 
showed  hemorrhages  in  the  pyloric  region. 

Dog  226,  a  spaniel  weighing  10  kilos,  was  given  this  same  prepara- 
tion. No.  14,  at  the  rate  of  0.05  mil  per  kilo,  followed  immediately  by  30 
mils  of  castor  oil.  The  ne.\t  day  the  dog  passed  7  ascarids.  The  animal 
was  killed  the  fourth  day  after  treatment  and  was  found  to  have  4 
Dipylidium.  The  treatment  was  therefore  100  per  cent  effective  against 
ascarids  and  0  per  cent  effective  against  Dipjdidium.  There  were  hemor- 
rhages in  the  stomach. 

Dog  in,  a  mongrel  weighing  ll.S  kilos,  was  given  this  same  prepara- 
tion. No.  14,  at  the  rate  of  0.074  inil  per  kilo,  a  dose  of  0.85  mil,  followed 
immediately  by  30  mils  of  castor  oil.  No  w-orms  were  passed.  The  dog 
was  killed  on  the  fourth  day  and  found  to  have  3  whipworms  and  5  Dipy- 
lidium sexcoronatum.  The  treatment  was  therefore  0  per  cent  effective 
against  whipworms  and  Dipylidium.  The  large  intestine  showed  ecchy- 
motic  and  petechial  hemorrhages. 

Dog  240,  a  dog  weighing  10.5  kilos,  was  given  preparation  16.  the 
residue  not  distilling  over  at  130°C.  at  25  mm.  of  mercury,  at  the  rate  of 
0.1  mil  per  kilo,  a  dose  of  1.05  mils,  followed  immediately  by  30  mils  of 
castor  oil.  The  next  day  the  dog  passed  3  ascarids.  The  animal  was 
killed  the  fourth  day  and  was  found  to  have  2  hookworms,  3  whipworms 
and  12  Dipylidium.  The  treatment  was  therefore  100  per  cent  effective 
against  ascarids  and  0  per  cent  effective  against  hookworms,  whipworms 
and  Dipylidium.    The  stomach  showed  numerous  petechia  in  the  cardia. 

Dog  244,  a  bulldog  weighing  9  kilos,  was  given  preparation  19,  the 
residue  not  distilling  over  at  100°C.  at  2  to  5  mm.  of  mercurj',  at  the  rate 
of  0.1  mil  per  kilo,  a  dose  of  0.9  mil,  followed  immediately  by  30  mils  of 
castor  oil.  The  day  after  treatment  the  dog  passed  7  ascarids,  the 
second  day  1  ascarid  and  the  third  day  1  ascarid.  The  animal  was  found 
dead  on  the  fifth  day,  postmortem  showing  a  purulent  bronchiolitis  with 
early  congestive  stage  pneumonia,  and  pronounced  acute  nephritis.  There 
was  1  whipworm  in  the  cecum,  the  treatment  being  100  per  cent  effective 
against  ascarids  and  0  per  cent  effective  against  whipworms.  The  stomach 
was  somewhat  inflamed  in  the  pyloric  region,  the  lower  duodenum  and 
part  of  the  ileum  were  inflamed,  there  were  small  patches  of  submucous 
hemorrhage  in  the  jejunum,  and  there  were  local  inflamed  areas  in  the 
large  intestine  and  cecum. 

Dog  246,  a  mongrel  hound  weighing  11  kilos,  was  given  preparation 
18,  distilling  below  100° C.  at  2  t.o  5  mm.  of  mercury,  constituting  about 
90  per  cent  of  oil  of  chenopodium  and  therefore  including  part  which 
would  distill  above  125°C.  at  30  mm.  of  mercury,  since  the  light  fraction, 
distilling  below  12S°C.  at  30  mm.,  is  only  74  to  75  per  cent  of  the  oil. 
The  dose  rate  was  1  mil  per  kilo,  a  dose  of  11  mils,  or  double  the  minimum 
lethal  dose,  dissolved  in  SO  mils  of  liquid  petrolatum.  The  dog  resented 
the  mixture  and  some  of  it  went  to  the  lungs.  Immediately  after  dosing, 
the  animal  collapsed,  and  lay  in  a  state  of  coma,  trembling  and  with  the 
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legs  kicking  feebly  for  some  time.  The  next  morning  the  animal  was 
found  dead.  The  lungs  were  highly  congested,  the  kidneys  inflamed,  and 
the  entire  digestive  tract  hemorrhagic.  There  were  154  ascarids  and  8 
Taenia,  but  the  period  before  death  was  too  short  to  permit  of  con- 
clusions regarding  efficacy. 

Dog  250.  a  mongrel  terrier  weighing  11.5  kilos,  was  given  this  same 
preparation.  No.  18,  at  the  same  rate  of  1  mil  per  kilo,  a  dose  of  11  5  mils, 
double  the  minimum  lethal  dose,  in  15  mils  of  castor  oil.  preceded  imme- 
diatefy  by  15  mils  of  castor  oil  and  followed  immediately  by  30  mils  of 
castor  oil.  The  animal  did  not  appear  to  be  distressed  after  treatment. 
There  were  no  feces  the  first  day  after  treatment.  The  dog  passed  7 
ascarids  tlic  second  day  after  treatment,  following  tlie  administration  of 
another  30  mils  of  castor  oil.  The  day  following  the  treatment,  the  animal 
was  standing  up  in  his  cage,  but  trembling.  In  the  afternoon  it  was  lying 
down,  apparently  much  depressed,  but  jumped  up  eagerly  when  meat  was 
offered  it  and  fed  ravenously.  The  trembling  persisted  much  of  the  time, 
though  the  animal  was  up  and  about.  It  was  killed  on  the  sixth  day  after 
treatment.  On  postmortem  examination  it  was  found  free  from  worms, 
so  the  treatment  was  100  per  cent  effective.  The  stomach  was  highly 
inflamed,  with  petechia:  in  the  cardia ;  the  duodenum  and  upper  jejimum 
were  highly  inflamed,  the  lower  jejunum  moderately  so,  and  the  ileum 
slightly  inflamed ;  the  large  intestine  and  cecum  were  normal.  The  con- 
stipating effect  of  chenopodium  can  be  judged  from  the  failure  to  pass 
feces  during  the  first  twenty-four  hours,  even  after  a  dose  of  60  mils  of 
castor  oil,  while  the  protective  action  of  the  oil  is  seen  in  the  survival  of 
this  dog  after  the  administration  of  double  the  minimum  lethal  dose. 

Ill  jiassing,  it  is  of  interest  to  compare  similar  tests  with 
doiilile  the  minimum  lethal  dose  of  oil  of  chenopodium  accom- 
panied by  50  mils  of  liquid  petrolatum  in  one  case  and  by  UO  mils 
of  castor  oil  in  the  other,  the  only  difference  in  these  ex])eriments 
from  those  just  given  being  the  use  of  oil  of  chenopodium  instead 
of  Preparation  No.  IS.    The  tests  were  as  follows : 

Dog  247,  a  mongrel  bulldog  weighing  10  kilos,  was  yiven  nil  of 
chenopodium  at  the  rate  of  1  mil  per  kilo,  a  dose  of  10  mils.  tlu)roughly 
shaken  up  with  50  mils  of  liquid  petrolatum.  Part  of  the  dose  went  to 
the  lungs,  as  in  the  case  of  dog  246.  This  point  is  of  interest,  for  the 
reason  that  we  treat  a  large  number  of  dogs,  and  accidents  of  this  sort 
are  rare.  Yet  in  one  day  we  tested  oil  of  chenopodium  and  preparation 
18,  giving  each  to  2  dogs  in  doses  of  1  mil  per  kilo,  each  drug  being 
accompanied  by  castor  oil  in  one  case  and  by  liquid  petrolatum  in  one 
case,  and  in  both  cases  where  it  was  given  in  liquid  petrolatum,  part  of  the 
dose  went  to  the  lungs.  Of  the  60  mils  of  castor  oil  given,  15  mils  were 
used  as  a  vehicle  lor  the  drugs,  so  the  concentration  of  drug  was  higher 
than  where  the  drug  was  given  in  50  mils  of  licpiid  petrolatum.     Dog  247 
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was  staggeriiiR  within  fifteen  minutes  after  being  dosed,  vomited  about 
twenty  minutes  after  being  dosed,  and  defecated  about  twenty-five  minutes 
after  being  dosed.  The  animal  was  evidently  very  sick.  The  next  day  no 
feces  had  been  passed  other  than  those  passed  soon  after  treatment.  The 
dog  was  lying  curled  up  in  its  cage,  with  its  eyes  closed,  very  much  de- 
pressed and  trembling.  The  following  day  the  dog  was  comatose  and  died 
less  than  forty-eight  hours  after  treatment.  Fifteen  minutes  before  death, 
the  dog's  temperature  was  94.7°.  The  heart  beat  slowed  to  a  beat  every 
few  seconds  and  finally  stopped.  All  the  left  lobes  of  the  lungs  were  in  a 
state  of  red  hepatization.  The  kidneys  were  highly  inflamed.  The  stomach 
showed  hemorrhages  in  places  and  necrosis  along  the  top  of  some  of  the 
folds  of  mucosa;  there  were  eroded  areas  in  patches  in  the  jejunum  and 
hemorrhages  in  or  under  the  glands  of  the  Peyer's  patches;  the  large 
intestine  and  cecum  were  inflamed  and  hemorrhagic.  Feces  passed  during 
the  second  twenty-four  hours  contained  6  ascarids,  and  the  dog  was  free 
from  worms  postmortem,  so  the  treatment  was  100  per  cent  effective. 

Dog  249,  a  hound  weighing  IS  kilos,  was  given  oil  of  chenopodium 
at  the  rate  of  1  mil  per  kilo  in  an  equal  amount  of  castor  oil,  preceded 
by  15  mils  of  castor  oil  and  followed  by  30  mils  of  castor  oil.  The  dog 
was  much  salivated  by  the  treatment,  but  appeared  to  be  otherwise  in 
good  condition.  The  next  day  the  dog  was  drowsy  and  lay  curled  up  in 
its  cage.  It  was  indifferent  to  food.  The  following  day  the  animal 
seemed  sick  and  was  still  lying  down.  It  had  passed  no  feces  since  it  was 
treated,  so  it  was  given  30  mils  of  castor  oil.  On  the  fourth  day  after 
treatment  the  dog  was  still  listless,  but  ate  heartily.  The  animal  was 
killed  on  the  sixth  day  and  found  free  from  worms.  No  worms  had 
been  passed,  so  there  were  no.  conclusions  as  to  efficacy.  The  entire  di- 
gestive tract  was  normal  and  the  other  viscera  showed  little  of  interest 
beyond  an  inflammation  of  the  medullary  portion  of  the  kidney.  The  ex- 
periment is  a  striking  illustration  of  the  protective  action  of  castor  oil 
against  injurious  effects  from  chenopodium. 

It  will  be  noted  that  in  both  cases  where  liquid  petrolatum  was 
used  as  a  vehicle  for  oil  of  chenopodium  or  preparation  18  in 
doses  of  1  mil  per  kilo,  part  of  the  treatment  went  to  the  lungs, 
and  the  dogs  died  within  twenty-four  or  forty-eight  hours  after 
treatment  and  showed  hemorrhages  throughout  the  entire  diges- 
tive tract;  whereas,  when  castor  oil  was  used  as  the  vehicle  for 
these  drugs  in  the  same  dose,  there  was  no  difficulty  in  keeping 
the  drugs  out  of  the  lungs,  and  when  the  dogs  were  killed  on  the 
sixth  day  after  treatment,  one  showed  an  entirely  normal  digestive 
tract  and  the  other  showed  petechise  only  in  the  stomach,  high 
grade  inflammation  only  in  the  stomach  and  upper  intestine,  grad- 
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ing  to  a  sliglit  inlkunniation  in  tlie  lower  intestine,  and  with  the 
large  intestine  and  cecum  normal. 

.\  summary  of  the  ascaricidal  values  and  the  ]>ostm<)rtem 
findings  of  the  digestive  tract  for  these  heavy  preparations  is  as 
follow.s : 

In  the  standard  dose  at  the  rate  of  i).l  mil  per  kilo,  the  ascari- 
cidal efficacy  is  0.  0,  14,  26,  33.  Hid.  100.  loo  antl  100  per  cent, 
with  no  conclusions  in  2  cases.  In  less  than  the  standard  dose:  At 
the  rate  of  0.074  mil  per  kilo,  there  were  no  conclusions:  in  the  1 
case  in  which  this  dose  was  used  at  the  rale  of  O.o.")  mil  per  kilo, 
the  ascaricidal  efficacy  was  100  jier  cent:  at  the  r;ite  oi  .0.03S  mil 
per  kilo,  the  ascaricidal  efficacy  was  I  per  cent.  In  more  than  the 
standard  dose:  At  the  rate  of  O.li  mil  per  kilo,  the  ascaricidal 
efficacy  was  100  per  cent  in  1  case,  with  no  conclusion-,  in  1  case; 
at  the  rate  of  1.0  mil  per  kilo,  or  double  the  minimum  lethal  dose, 
the  ascaricidal  efficacy  was  100  per  cent  in  1  case,  with  no  con- 
clusions in  1  case.  Tn  view  of  the  fact  that  oil  of  chenopodium 
at  the  rate  of  0.1  mil  per  kilo,  given  with  30  mils  of  castor  oil,  as 
most  of  these  doses  were  given,  had  an  ascaricidal  efficacy  of  100 
per  cent  in  nearly  all  cases,  it  must  be  concluded  that  there  is  a 
falling  off  in  efficacy  when  the  heavier  constituents  at  the  same 
rate  of  dosage,  0.1  mil  per  kilo,  sIujw  \ahies  of  0,  0,  It,  2()  and 
33  in  .")  out  of  !>  cases  when  conchision>  may  l)e  drawn. 

The  lesions  ;issociatcd  with  these  treatments  are  as  follows: 
In  the  standard  dose  at  the  rate  of  0,1  mil  per  kilo,  we  find 
gastritis  and  enteric  hemorrhage  in  ".'  ilogs,  enleritiN  anil  g.istric 
hemorrhage  in  1  dog,  gastric  hemorrhage  in  .">  dogs,  enteritis  in 

1  dog,  and  2  dogs  normal.  In  do.ses  at  less  than  the  standard 
rate,  we  find  associated  with  doses  of  0.074.  O.O.T  and  0.03S  gram 
per  kilo,  enteric  hemorrhage  in  the  first  case,  gastric  hemorrhage 
in  the  second  case,  and  gastric  hemorrhage  and  enteritis  in  the 
third  case.  In  tiie  excessive  doses:  at  0.()  mil  jur  kilo,  or  more 
than  the  miniminii  lethal  dose,  we  find  lu-morihai;ic  g.islnicnleritis 
once  and  gastritis  and  enteric  hcmonli.igi-  once;  al  1.0  mil  ])cr 
kilo,  or  flouble  the  minimmn  lethal  dose,  we  lind  luinorrhagic 
gastroenteritis  once  and  gastric  heniorrli.ine  .iiid  riiieritis  once. 
In  a  total  of  IH  dogs  treated  with  these  heavy  prep;ir,itions,  only 

2  showed  a  normal  digestive  trad,  wliile  l."i  showed  hemorrhagic 
conditions  ;ind   1  showed  innammation. 


'J"o  ascertain  whether  the  injurious  efilects  noted  are  definitely 
to  he  referred  to  the  action  of  the  heavier  constituents  of  oil  of 
chenopodlum,  as  would  be  Inferred  from  the  Infretjuency  of  these 
results  in  our  experiments  with  the  entire  oil  of  chenopodiuni, 
the  following  tests  of  the  lighter  constituents  may  he  compared  : 

Dog  191,  a  mongrel  weighing  8.5  kilos,  was  given  preparation  5,  the 
oil  distilling  over  at  110°  to  12S°C.  at  30  mm.  of  mercury,  at  the  rate  of 
0.1  mil  per  kilo,  a  dose  of  0.85  mil,  followed  immediately  by  30  mils  of 
castor  oil.  The  next  day  the  dog  passed  14  ascarids.  The  dog  was  killed 
on  the  fourth  day  and  found  free  from  worms.  The  treatment  was  there- 
fore 100  per  cent  effective.    The  digestive  tract  was  normal  throughout. 

Dog  197,  a  mongrel  weighing  17  kilos,  was  given  the  same  prepara- 
tion, No.  5,  at  the  rate  of  0.04  mil  per  kilo,  a  dose  of  0.68  mil,  to  corre- 
spond to  the  fact  that  this  distillate  represented  40  per  cent  of  the  original 
oil  and  might  be  given  in  40  per  cent  of  the  standard  dose.  It  was  followed 
immediately  by  30  mils  of  castor  oil.  The  next  day  the  dog  passed  138 
ascarids,  the  second  day  8  ascarids,  and  the  third  daj'  2  ascarids,  a  total 
of  148  ascarids.  The  dog  was  killed  on  the  fifth  day  and  found  to  have 
2  ascarids.  The  treatment  was  therefore  99  per  cent  effective  against 
ascarids.  The  first  inch  or  two  inches  of  the  duodenum  were  mildly 
inflamed. 

Dog  208,  a  mongrel  weighing  9.S  kilos,  was  given  preparation  9,  the 
part  distilling  over  below  100°C.  at  30  mm.  of  mercury,  at  the  rate  of  0.1 
mil  per  kilo,  a  dose  of  0.95  mil,  followed  immediately  l)y  30  mils  of  castor 
oil.  The  next  day  the  dog  passed  7  ascarids.  The  animal  was  killed  the 
fifth  day  and  found  to  have  8  hookworms  and  2  Dipylidium.  The  treat- 
ment was  therefore  100  per  cent  effective  against  ascarids  and  0  per  cent 
effective  against  hookworms  and  Dipylidium.  The  digestive  tract  was 
entirely  normal  except  for  the  distinctive  hookworm  petechise. 

Dog  205,  a  spaniel  mongrel  pup  weighing  7.75  kilos,  was  given 
preparation  10,  the  oil  distilling  over  at  110°C.  at  30  mm.  of  mercury,  at 
the  rate  of  0.1  mil  per  kilo,  a  dose  of  approximately  0.775  mil,  followed 
immediately  by  30  mils  of  castor  oil.  The  next  day  the  dog  passed  7 
ascarids.  The  animal  was  killed  the  fifth  day  and  found  to  have  1  whip- 
worm and  33  Dipylidium.  The  treattnent  was  therefore  100  per  cent 
effective  against  ascarids  and  0  per  cent  effective  against  whipworms  and 
Dipylidium.     There  was  a  mild  inflammation  in  the  duodenum. 

Dog  210,  a  mongrel  foxhound  weighing  12  kilos,  was  given  prepara- 
tion 13,  the  oil  distilling  up  to  125°C.  at  30  miri.  of  mercury,  at  the  rate  of 
0.6  per  kilo,  or  more  than  the  minimum  lethal  dose,  preceded  by  30  mils 
of  castor  oil.  The  dog  was  very  uneasy  after  treatment,  moving  about 
restlessly  and  trying  to  get  out  of  the  cage.  There  was  a  profuse  saliva- 
tion and  the  animal  vomited  and  defecated  about  a  half  hour  after  treat- 
ment. The  next  morning  the  dog  was  very  much  depressed  and  lay 
curled  up  on  his  bench.     Toward  noon  the  animal   was  up  and  walking 
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about,  but  the  hind  quarters  trembled  and  the  animal  seemed  dizzy  and 
stepped  high  in  walking.  The  next  day  the  dog  seemed  to  be  all  right 
again.  No  worms  were  passed.  The  animal  was  killed  on  the  sixth  day 
and  found  to  have  4  Taenia  pisiformis  and  2  Dipylidium,  the  treatment 
being  0  per  cent  efltective  against  these  worms.  The  stomach  was  catarrhal 
and  the  lower  jejunum  and  upper  ileum  intlamed.  The  protective  effect  of 
the  castor  oil  is  worth  noting ;  compare  this  with  the  following  experiment. 

Dog  214,  a  mongrel  weighing  15.5  kilos,  was  given  this  same  prepara- 
tion, No.  13,  at  the  same  rate,  0.6  mil  per  kilo,  a  dose  of  9.3  mils,  which  is 
more  than  the  minimum  lethal  dose,  without  castor  oil.  There  were  no 
feces  the  next  day,  but  the  following  day  the  dog  passed  4  ascarids  and  8 
whipworms.  The  dog  was  very  uneasy  immediately  after  treatment.  It 
moved  about  restlessly  and  tried  to  get  out  of  its  cage.  The  eyes  were 
very  luminous.  The  dog  was  very  much  salivated  and  vomited  consider- 
ably in  about  a  half  hour.  In  about  an  hour  the  excitation  gave  way  to 
depression  and  the  animal  floundered  and  wabbled  about  in  its  cage.  The 
next  day  the  animal  was  lying  down  in  its  cage,  very  weak.  There  was  a 
marked  trembling  of  the  limbs  and  body,  especially  pronounced  in  the 
hind  quarters.  Later  in  the  day  the  dog  was  standing,  but  was  very 
unsteady,  and  would  fall  off  its  bench.  The  following  day  the  dog  was 
lying  on  its  side  with  the  legs  moving  back  and  forth ;  it  died  early  in 
the  afternoon.  On  postmortem  it  was  found  to  have  112  Dipylidium,  so 
the  treatment  was  100  per  cent  effective  against  ascarids  and  whipworms 
and,  as  usual,  0  per  cent  effective  against  Dipylidium.  There  was  an 
intense  hemorrhagic  gastritis,  with  areas  of  yellowish-brown  necrosis,  and 
a  general  hemorrhagic  enteritis. 

Dog  218,  a  mongrel  hound  weighing  9.5  kilos,  was  given  the  same 
preparation.  No.  13,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  0.95  mil, 
preceded  by  30  mils  of  castor  oil.  The  next  day  the  dog  passed  3  ascarids 
and  1  Dipylidium.  The  animal  was  killed  the  fourth  day  and  on  post- 
mortem was  found  free  from  worms.  The  treatment  was  therefore  100 
per  cent  effective  against  ascarids  and,  contrary  to  the  usual  findings, 
against  Dipylidium.    The  entire  digestive  tract  was  normal. 

Dog  220,  a  mongrel  pup  weighing  9  kilos,  was  given  the  same  prepara- 
tion. No.  13,  at  the  rate  of  0.74  mil  per  kilo,  a  dose  of  approximately  0.666 
mil,  followed  immediately  by  30  mils  of  castor  oil.  The  dog  passed  no 
worms  and  was  killed  on  the  fourth  day.  On  postmortem  examination  the 
animal  had  6  whipworms  and  1  Dipylidium.  The  treatment  was  there- 
fore 0  per  cent  effective  against  whipworms  and  Dipylidium.  The  di- 
gestive tract  was  normal. 

Dog  222,  a  monyrcl  weighing  10.5  kilos,  was  given  the  same  prcpara 
tion,  No.  13,  at  the  rate  of  0.05  mil  per  kilo,  a  dose  of  approximately 
0.525  mil,  followed  immediately  by  30  mils  of  castor  oil.  The  next  day 
the  dog  passed  2  ascarids.  No  feces  were  passed  after  this  time  and  the 
dog  was  killed  on  the  fourth  day  after  treatment.  Five  dead  ascarids 
were    found   in   the    fecal   matter   of   the   large   intestine  and    I    dead   and 


Ill 

partly  digested  ascarid  was  found  in  the  small  intestine,  in  addition  to  6 
live  ones  and  1  in  the  stomach.  Crediting  the  ones  in  the  large  intestine 
and  the  dead  one  in  the  small  intestine  to  the  treatment — the  rule  which 
is  followed  for  all  the  anthelmintic  experiments — the  treatment  \va=  53 
per  cent  effective  against  ascarids.  The  entire  digestive  tract  was  normal, 
though  there  appears  to  have  been  an  intestinal  stasis  resulting  in  the  re- 
tention of  all  feces  for  3  days. 

Dog  223.  a  mongrel  weighing  12  kilos,  was  given  this  same  prepara- 
tion. No.  13,  at  the  rate  of  0.1  mil  per  kilo,  a  dose  of  1.2  mils,  followed 
immediately  by  30  mils  of  castor  oil.  The  dog  passed  no  worms  and  was 
killed  on  the  fourth  day.  The  animal  had  68  hookworms  in  the  small 
intestine  and  1  in  the  large  intestine.  Crediting  the  one  in  the  large 
intestine  to  the  treatment,  the  treatment  was  only  2  per  cent  effective  against 
liookworms.  The  digestive  tract  was  normal  except  for  the  hookworm 
petechia  in  the  small  intestine. 

Dog  225,  a  collie  weighing  9.5  kilos,  was  given  this  same  preparation, 
No.  13,  at  the  rate  of  0.074  mil  per  kilo,  a  dose  of  0.7  mil,  followed  imme- 
diately by  30  mils  of  castor  oil.  The  next  day  the  dog  passed  4  ascarids. 
The  animal  was  killed  on  the  fifth  day  and  found  to  have  4  whipworms. 
The  treatment  was  therefore  100  per  cent  effective  against  ascarids  and  0 
per  cent  effective  against  whipworms.  The  entire  digestive  tract  was 
normal. 

Product  13,  a  light  preparation  distilling  below  130°  C.  at  '25 
mm.  of  mercury,  was  not  tested,  as  it  was  substantially  equivalent 
to  other  light  preparations  tested. 

A  summary  of  the  ascaricidal  values  and  the  postmortem  find- 
ings for  these  light  preparations  is  as  follows : 

In  the  standard  dose  at  the  rate  of  0.1  mil  per  kilo,  the  ascari- 
cidal efficacy  is  100,  100,  100  and  100  per  cent,  with  no  conclusions 
in  1  case.  In  less  than  the  standard  dose :  At  the  rate  of  0.0T4  mil 
per  kilo,  the  ascaricidal  efficacy  was  100  per  cent  in  1  case,  with 
no  conclusions  in  1  case ;  at  the  rate  of  0.05  mil  per  kilo,  the 
ascaricidal  efficacy  was  '>,i  per  cent ;  at  the  rate  of  O.O-t  mil  per 
kilo,  the  ascaricidal  efficacy  was  99  per  cent.  In  more  than  the 
standard  dose :  At  the  rate  of  0.6  mil  per  kilo,  the  ascaricidal 
efficacy  was  100  per  cent  in  1  case,  with  no  conclusions  in  1  case. 
In  brief,  leaving  otit  of  consideration  the  3  cases  in  which  no 
conclusions  can  be  drawn,  the  treatments,  in  standard  doses, 
overdoses  and  underdoses,  was  100  per  cent  effective  in  6  cases, 
99  per  cent  effective  in  1  case  and  drops  as  low  as  53  per  cent  in 
1  case  where  half  the  standard  dose  was  given.  These  figures 
might  be  strengthened  by  a  larger  series   of  experiments  using 


these  light  products  in  doses  of  0.1  mil  per  kilo,  but  there  seems 
to  be  no  reason  for  doubting  the  efficacy  of  the  product  and  the 
likelihood  that  such  treatments  would  in  almost  all  cases  attain 
an  efficacy  of  100  per  cent. 

The  lesions  associated  with  these  treatments  are  as  follows: 
In  the  standard  dose  at  the  rate  of  0.1  mil  per  kilo,  we  find  the 
digestive  tract  normal  in  4  cases  and  a  mild  inflammation  of  the 
duodenum  in  1  case.  In  doses  at  less  than  the  standard  rate,  we 
find  with  doses  of  0.074,  0.05  and  0.04  mil  per  kilo  that  the 
digestive  tract  was  normal  in  3  cases  and  showed  a  mild  inflam- 
mation of  the  duodenum  in  1  case.  In  the  excessive  doses,  we 
find  that  at  the  rate  of  0.6  mil  per  kilo,  with  castor  oil,  or  more 
than  the  minimum  lethal  dose,  the  jejunum  and  ileum  were 
inflamed  in  1  case,  and  at  the  same  rate,  with  licjuid  petrolatum, 
there  was  a  hemorrhagic  gastroenteritis  in  1  case.  In  a  total  of 
11  dogs  treated  with  these  light  preparations,  the  digestive  tract 
was  normal  in  7  cases,  there  was  a  mild  inflammation  of  the 
duodenum  in  2  cases,  and  an  inflammation  of  the  jejunum  and 
ileum  in  1  case.  There  was  a  general  hemorrhagic  gastroenteritis 
in  1  case  where  a  dose  of  0.6  mil  per  kilo  was  given  with  liquid 
petrolatum.  Or,  briefly,  of  11  dogs,  7  had  normal  digestive  tracts, 
1  had  hemorrhagic  conditions  associated  with  a  dose  somewhat 
exceeding  the  minimum  lethal  dose,  and  3  showed  inflammation 
(2  of  these  very  mild,  limited  conditions).  In  anything  less  than 
a  lethal  dose,  the  digestive  tract  was  normal  or  the  injury  trifling. 

The  experiments  detailed  in  this  paper  indicate  rather  defi- 
nitely that  the  heavier  constituents  of  oil  of  chcnopodium  have 
a  diminished  ascaricidal  efficacy  and  probably  a  diminished 
anthelmintic  efficacy  in  general,  coupled  with  an  irritant  character 
tending  to  the  production  of  inflammation  and  hemorrhage  of  the 
gastrointestinal  mucosa,  while  the  lighter  constituents  show,  if  no 
increase  of  anthelmintic  eflicacy  (which  is  problematical),  at 
least  no  diminution  of  the  higli  eflicacy  of  oil  of  chenopodium, 
coupled  with  a  comparative  freedom  from  irritant  cjualitics. 

A  comi)act  presentation  of  ascaricidal  values  and  of  lesions  is 
given  in  tiie  following  tabic,  data  being  tabulated  on  increasing 
dose  rate.  The  abbreviations  have  the  following  significance: 
g.p.k.  =  grams  per  kilo;  m.p.k.  =  mils  per  kilo;  Mem.  =  Hem- 
orrhage; Inflam.  :=  Inflammatinn. 


HEAVY  PREPARATIONS. 

LIGHT  PREPARATIONS. 

Dog 
.\"o. 

Dose  rate 

Efficacy 

Lesions 

Dog 
No. 

Dose  rate 

Efficacy 

Lesions 

per  cent 

per  cent 

19S 

0.03S  g.p.k. 

4 

Hem. 

1117 

0.040  m 

p.k. 

99 

Inflam.' 

226 

0.050  r 

n.p.k. 

100 

Hem. 

■  23 

0.050  m 

p.k. 

53 

None 

227 

0.074  r 

n.p.k. 

No  data 

Hem. 

225 

0.074  m 

p.k. 

100 

None 

220 

0.074  m 

p.k. 

No  data 

None 

213 

0.100  r 

n.p.k. 

0 

Hem. 

191 

0.100  m 

p.k. 

100 

None 

193 

0.100  r 

n.p.k. 

0 

Hem. 

208 

0.100  m 

p.k. 

100 

None 

196 

0.100  n 

n.p.k. 

14 

Inflam. 

205 

0.100  m 

p.k. 

100 

Inflam. 

231 

n.ioo  r 

n.p.k. 

26 

Hem. 

2IS 

0.100  m 

p.k. 

100 

None 

192 

0.100  r 

n.p.k. 

33 

Hem. 

223 

0.100  m 

p.k. 

No  data 

None 

207 

0.100  r 

n.p.k. 

100 

Hem. 

224 

0.100  r 

n.p.k. 

100 

Hem. 

240 

0.100  r 

n.p.k. 

100 

Hem. 

244 

O.IOOr 

i.p.k. 

100 

Hem. 

212 

0.100  r 

n.p.k. 

No  data 

None 

235 

0.100  r 

n.p.k. 

No  data 

None 

215 

0.600  r 

n.p.k. 

100 

Hem. 

210 

0.600  m 

p.k. 

No  data 

Inflam. 

221 

0.600  r 

n.p.k. 

No  data 

Hem. 

214 

0.600  m 

p.k. 

100 

Hem. 

246 

1.000  r 

n.p.k. 

No  data 

Hem. 

250 

1.000  V 

n.p.k. 

100 

Hem. 

In  the  column  of  lesions  for  light  preparations,  the  inflamma- 
tions present  in  dogs  197  and  205  were  so  mild  and  so  limited  that 
the  bare  statement  that  inflammation  was  present  arouses  a  false 
connotation ;  the  digestive  tracts  in  these  two  dogs  were  practi- 
cally normal.  The  actual  production  of  lesions  of  any  consequence 
in  this  series  occurs  when  something  more  than  the  minimum 
lethal  dose  is  given.  In  the  column  of  lesions  for  heavy  prepara- 
tions, hemorrhagic  conditions  run  through  all  the  doses  of  0.1 
mil  per  kilo  or  less,  with  the  exception  of  3  cases  where  the 
digestive  tracts  were  normal,  or,  in  1  case,  only  mildly  inflamed. 

In  the  column  of  efficacies  for  light  preparations,  in  8  cases 
where  efficacy  was  obtained,  it  was  99  to  100  per  cent  in  7  cases 
and  53  per  cent  in  1  case.  In  the  corresponding  column  for  heavy 
preparations,  in  13  cases  where  efficacy  was  obtained,  it  was  100 
per  cent  in  7  cases,  0  to  33  per  cent  in  the  other  6. 

If  the  heavier  constituents  of  oil  of  chenopodium  are  princi- 
pally responsible  for  gastrointestinal  irritation  and  are  of  lessened 
anthelmintic  value,  we  would  expect  to  find  that  entire  oil  of 
chenopodium  gives  results  intermediate  between  those  obtained 
with  the  light  preparations  and  those  obtained  with  the  heavier 
preparations,  and  in  a  general  way  this  is  the  case.  In  a  series  of 
cases  where  oil  of  chenopodium  was  administered  under  substan- 
tially the  same  conditions  as  those  in  which  the  light  and  heavy 
products  were  administered,  the  results  may  be  summarized  as 
follows : 
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riiirly-lhrcc  dogs  were  given  oil  of  chenopodiuni  in  single  or 
repeated  doses,  commonly  at  a  rate  approximating  0.1  mil  per 
kilo,  usually  accompanied  by  castor  oil,  but  in  some  instances 
accompanied  by  elaterin  or  elaterium.  The  ascaricidal  efficacy 
was  100  per  cent  in  the  13  dogs  that  had  ascarids ;  there  were  no 
conclusions  in  the  case  of  the  other  'iO  dogs,  as  no  ascarids  were 
present.  The  digestive  tract  was  normal  in  11  dogs,  there  was 
inflammation  in  12  dogs,  and  hemorrhage  in  10  dogs.  Contrast- 
ing the  imiform  ascaricidal  efficacy  of  100  per  cent  in  these  cases 
with  the  ascaricidal  efficacy  of  the  heavy  and  light  preparations, 
it  will  be  seen  to  exceed  not  only  that  of  the  heavy  preparations, 
but  also  that  of  the  light  preparations,  which  fell  to  9!)  and  53 
per  cent  in  2  cases.  The  relatively  poor  showing  of  the  heavy 
preparations  rather  precludes  the  idea  that  the  entire  oil  is  there- 
fore more  effective  than  its  light  constituents,  and  inclines  me  to 
the  explanation  that  local  conditions  in  the  digestive  tract,  such 
as  the  ])resence  of  food  or  stasis,  furnish  a  belter  reason  for  the 
failure  of  dependable  anthelmintics  at  times  ihan  any  lack  of 
efficacy.  Other  experiments,  where  entire  oil  of  chcnopodium 
has  fallen  short  of  100  per  cent  efficacy,  which  cannot  be  com- 
pared in  this  list  of  33  owing  to  the  presence  of  dissimilar  factors, 
also  su|)port  this  view.  As  regards  the  lesions  present,  it  will  be 
seen  that  the  conditions  are  truly  intermediate  between  those 
found  with  the  light  and  those  with  the  lu'a\y  jircparations. 
Hemorrhage  occurs  in  less  than  a  third,  instead  of  in  nearly  all 
cases,  as  with  tin-  lua\y  jirejiarations,  while  only  a  third  are 
normal,  instead  of  neariv  all  normal,  as  in  the  case  of  the  light 
preparations. 

CO.VC  I.VSIO.NS. 

The  experiments  liere  noted  appear  in  w.irranl  the  following 
conclusions:  That  oil  of  chen()])0(lium  as  ordinarily  marketed  is 
a  very  potent  and  valuable  anthelmintic,  but  that  it  not  infre- 
(|uent]y  acts  as  a  gastrointestinal  irritant,  a  fact  that  Mcins  to 
have  been  commonly  overlooked,  disregarded  or  allowed  to  go 
unstated,  although  noted  years  ago  by  Uriining^  and  of  late  years 
by  .Salant  and  Nelson;"  that  tlie  gastro-intestinal  irritation  seems 
to  be  due  to  constituents  making  up  a  fourth,  or  less,  of  the  volume 
of  the  oil  and  constituting  the  undistilled  fraction  when  the  lighter 
i)oiling  cr)nstiluenls  ;ire  di'-tillcd  over  at   tcnipcr.itnres  up  to   125° 
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.  with  a  pressure  equal  to  30  mm.  of  mercury,  or  at  equivalent 
ttmperatures  and  pressures;  and  that  the  use  of  the  lighter 
fraction  as  an  anthelmintic  in  preference  to  the  entire  oil,  in  order 
to  protect  the  patient  from  gastrointestinal  irritation,  is  apparently 
indicated.  It  will  be  of  considerable  interest  to  obtain  clinical 
data  in  regard  to  the  therapeutic  value  of  this  light  fraction,  for 
if  our  findings  are  confirmed,  the  use  of  the  refined  product  would 
be  distinctly  indicated,  in  spite  of  the  extra  expense  due  to  dis- 
tillation and  to  discarding  part  of  the  oil,  as  the  protection  of 
the  patient  in  the  administration  of  anthelmintics  constitutes  as 
large  a  part  of  the  physician's  task  as  the  securing  of  worm  re- 
moval. Prolonged  experience  with  potent  anthelmintics  inclines 
one  to  attach  adequate  importance  to  the  dangers  associated  with 
these  drugs. 

Schimmel  and  Company'-  stated,  without  giving  any  reasons 
or  proof  for  the  statement,  that  ascaridol,  which  apparently  cor- 
responds to  the  heavier  fraction  of  oil  of  chenopodium,  is  the  part 
responsible  for  the  therapeutic  activity  of  the  drug,  a  statement 
which  has  been  generally  accepted.  Our  experiments  indicate  that 
this  constituent  is  anthelmintic  and  also  a  gastrointestinal  irritant, 
while  the  lighter  portion  of  the  oil  is  apparently  even  more  anthel- 
mintic and  much  less  irritating.  It  is  also  worthy  of  note,  in  this 
connection,  that  Salant  and  Nelson'"'  found  ascaridol  30  per  cent 
more  toxic  than  oil  of  chenopodium,  an  additional  reason  for 
using  the  lighter  fraction  of  the  oil. 
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A  recent  publication  by  Eckler'  regarding  tbe  deterioration  of 
Cannabis  indica  raises  a  cjuestion  which  can  be  answered  posi- 
tively only  after  a  long  series  of  experiments  such  as  Eckler  him- 
self conducted. 

0\er  a  period  of  five  years,  samples  of  crude  drug  cannabis 
were  kept  under  observation,  storing  it  under  different  conditions. 
He  found  that  it  loses  from  1  to  2  per  cent  of  its  activity  monthly, 
depending  apparently  on  the  temperature  of  the  storage  room. 
Five  years  from  now,  however,  the  subject  will  probably  have 
passed  so  completely  out  of  general  interest  that  there  will  be  no 
incentive  either  to  complete  the  experiments  or  to  make  the  results 
public,  while  at  the  satne  time  such  an  apparently  authoritative 
statement  going  unchallenged  may  lead  to  a  number  of  errors. 
It  seems  advisable,  therefore,  to  publish  some  data  bearing  on  this 
question  even  if  it  is  not  based  on  systematic  experiments.  In 
the  course  of  nearly  20  years'  experience  in  applying  the  physio- 
logical assay  process  to  cannabis  preparations,  a  number  of  un- 
related facts  are  gradually  collected  which,  taken  as  a  whole,  have 
a  value  not  to  be  ignored. 

Cannabis  indica,  or  to  use  the  botanical  term  to  cover  Cannabis 
sativa  wherever  grown,  is  scarcely  deserving  of  the  attention  it 
has  received  from  time  to  time  in  recent  years.  While  a  potent 
drug  in  many  respects,  its  action  is  not  specific  in  therapeutics  and 
is  not  that  of  a  deadly  poison. 

However,  as  a  potent  drug  in  which  no  active  substance  with 
well-defined  chemical  characteristics  has  been  recognized,  it  re- 
quires standardization  and  sufficient  investigation  to  insure  that 
inert  extracts  be  kept  oft'  the  market. 
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Attention  was  first  called  to  the  variability  of  the  drug  by 
Houghton,-  who  found  that  about  50  per  cent  of  the  fresh  samples 
of  crude  drug  were  devoid  of  activity. 

Later,  H0ughton  and  Hamilton'  described  a  method  by  which 
extracts  can  be  standardized  and  uniformity  established  in  the 
qualit)-  of  commercial  extracts.  It  depends  on  the  fact  that  dogs 
react  to  the  drug  in  a  degree  proportionate  to  the  amount  of  a 
standard  product  administered,  and  that  the  reaction  is  not  only 
characteristic  but  measurable. 

This  method,  on  which  all  the  later  modifications  have  been 
based,  has  served  as  a  means  of  eliminating  most  of  the  worthless 
drug  from  the  market  and  of  discovering  evidences  of  deteriora- 
tion. Thus  it  was  observed  that  Powdered  Extract  Cannabis  is 
apparently  an  unstable  form  since  several  samples  have  been 
foimd  inactive.  In  one  case*  some  step  in  the  process  of  manu- 
facture caused  immediate  and  almost  complete  loss  of  activity. 

No  other  evidence  of  deterioration  has  been  observed,  how- 
ever, except  that  which  tends  to  corroborate  the  data  published  by 
Marshall^  and  quoted  by  Eckler.  The  deterioration  of  the  sub- 
stance to  which  the  name  of  cannabinol  was  given,  while  easily 
demonstrable,  does  not  prove  anything  about  the  drug  itself  or  its 
extracts,  except  when  similar  phenomena  are  shown  to  exist  in 
each.  The  conclusion  which  Marshall  drew  from  his  observation 
that  "There  is  good  reason  to  believe  that  preparations  of  Caii- 
iiahis  indica  relatively  quickly  deteriorate"  is  not  based  on  any 
data  submitted  and  is  not  justified  by  any  data  obtained  except  the 
two  preparations  already  mentioned.  Marshall  himself  did  not 
apply  it  to  the  drug,  while  Eckler  concludes  that  the  crude  drug 
alone  is  under  suspicion,  not  having  observed  any  deterioration  in 
the  fluidcxtract. 

Observations  on  llic  crude  drug  otlicr  llian  samples  of  in- 
defmitc  age  arc  limited  to  two,  which  will  be  described  below. 
1  )iiring  a  long  experience  in  assaying  samples  of  the  crude  drug 
before  ov  immcdialcly  after  purchase,  no  low  activity  has  been 
observed  except  such  as  is  easily  referable  to  its  physical  or 
l)otanicaI  properties.  F'or  example,  low  activity  may  be  expected 
from  samples  consisting  of  sweepings  or  from  those  consisting 
largely  of  stems  or  .seeds,  or  from  those  having  a  low  yield  of 
alcohol-solulilc  extractive.  (Notk:  Ry  alcohol-soluble  extractive 
is  nieaul  the  p;irt  which  will  rcdissnlvc  in  1*.">  )>er  cent  .tlcohnl  after 
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twice  evaporating  to  complete  dryness  on  the  steam  bath.)     Low 
activity  of  crude  drug  other  than  the  exceptions  noted  would 
prove  nothing  in  itself  because  of  having  no  data  as  to  the  age 
of  the  sample. 

Inquiry  among  holders  of  crude  drug  rarely  brings  to  light 
samples  much  over  1  year  old  in  stock,  and  the  standard  is  usually 
made  from  drug  no  fresher  than  this. 

Two  samples,  however,  have  recently  been  obtained  from  shelf 
bottles,  one  14  years  on  the  shelf  and  the  other  at  least  21  years 
and  probably  longer,  21  years  being  the  limit  of  the  botanist's 
knowledge.  The  results  of  an  assay  of  these  two  samples  in 
comparison  with  standard  are  as  follows : 

14-year  old  drug 70  per  cent. 

21-ycar  old  drug 20  per  cent. 

The  first  was  known  to  the  writer  to  be  of  good  quality,  prob- 
ably fully  standard.  The  second  lot  was  probably  also  a  first- 
class  quality  of  Cannabis  indica  from  its  appearance,  but  there 
were  no  recorded  tests  in  existence  to  prove  its  activity. 

Exact  data  on  old  F.  E.  Cannabis  indica  is  limited  to  one 
sample  other  than  an  occasional  retest  of  samples  not  over  3  or  3 
years  old,  which  are  almost  invariably  as  active  as  when  fresh. 
The  old  sample  referred  to  above  was  obtained  from  Hutton  and 
Hilton,  retail  pharmacists  of  Washington,  D.  C.  It  was  prepared 
by  Squibb  and  had  been  on  the  shelf  for  17  years.  The  assay 
showed  a  value  equal  to  about  70  per  cent  or  between  two-thirds 
and  three -fourths  as  strong  as  standard.  Its  original  value  may 
be  assumed  to  have  been  100  per  cent. 

Exact  data  on  Extract  Cannabis  sativa  is  limited  to  one  sample, 
an  extract  of  Cannabis  Americana  first  selected  for  a  series  of 
experiments  to  prove  the  applicability  of  the  physiological  assay 
to  drug  intended  for  clinical  use."  This  sample  has  been  in  con- 
stant use  in  our  laboratory  for  9  years  as  a  standard  for  the 
selection  of  dogs  for  assaying  cannabis.  It  is  at  this  time  as 
active  as  an  extract  of  the  best  obtainable  commercial  lots  of 
Cannabis  indica.  It  is  rare  indeed  when  any  extract  exceeds  it 
in  activity.  The  sample  is  kept  in  a  tin  can  with  tightly  fitting  lid, 
but  is  opened  on  an  average  not  less  often  than  once  every  week. 

The  bottles  containing  the  crude  drug  are  1-pound  flint  glass, 
glass-stoppered  bottles  which  have  never  been  sealed  and  have 
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been  kept  on  shelves  exposed  to  the  light  and  variations  of  tcni- 
perature  normal  to  a  laboratory  work  room. 

That  the  above  results  are  not  open  to  the  suspicion  of  being 
obtained  on  the  basis  of  a  standard  of  low  activity  is  demon- 
strated by  the  fact  that  comparison  was  made  with  a  standard 
which  has  recently  been  proposed  and  prepared  by  Pearson.'  This 
is  in  line  with  a  similar  suggestion  by  Lyons"  and  with  that  by 
Hamilton."  It  eliminates  the  variable  standard  suggested  in  the 
Ninth  Revision  of  the  U.  S.  P..  and  provides  identical  material 
for  comparison  in  the  several  laboratories. 

The  results  summarized  above  are  based  on  administering 
doses  to  dogs  and  observing  the  degree  of  the  reaction,  comparing 
the  eflfect  in  each  case  with  that  of  a  product  of  known  good 
quality.  The  dogs'  behavior  under  cannabis  must  have  been  pre- 
viously observed  since  no  two  react  in  exactly  the  same  way.  The 
reaction  which  is  described  as  "well-marked"  or  "standard"  refers 
to  the  incoordination  and  is  not  absolute  hut  only  relatixe  lo  that 
produced  by  the  Standard  on  that  dog. 

The  doses  used  and  the  observed  reactions  are  the  bases  of  the 
results  described  in  the  foregoing  article  and  are  given  in  detail 
below,  the  work  having  been  carried  out  by  my  colleague.  1..  W  . 
Rowe : 

Sample  \'o.  1  is  V.  V..  Ca)uuibis  iiidwa  from  1  I -year-old  drug. 

Sami)le  Xo.  3  is  F.  IC.  Cannabis  indica  from  "il-year-old  drug. 

Samjjle  No.  'A  is  !•".  li.  Cannabis  indica  from  llulton  and  Hil- 
ton, W'a.shington,  D.  C. 

Sample  No.  4  is  S.  Iv.  Cannabis  Americana. 

Sample  No.  ")  is  F.  E.  Cannabis  indica.  mixture  of  I  commer- 
cial samples  sup])lied  by  Pearson. 

Sam|>li-   1 


Saini)!.- 


Sample-  7> 


Dose  per  kilo. 

Kvsnlf-. 

n.()8  mil 

.SMkIiI  iiuoiirdiiiation 

0.10  mil 

Distinct 

0  12  mil 

W.ll  marked 

11  1-tmil 

Standard 

0  10  mil 

Xo  reaction 

ll._'Omil 

\'ery  sHkIu 

O.lOmil 

SliRht 

(l.40mil 

Well  marked 

0..=;(l  mil 

Standard 

O.dOmil 

\'ery  marked  iiiciiiiriliiiatioM 

O.IO.mil 

Distinct 

O.I.'mil 

Well  marked 

(I.I.Smil 

Very  marked  incmirdination 

0.12  mi! 

Well    marked.    Iiut    scarcely 

standaril 
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Do>e  per  kilo.  Results. 

Sample  4 0.008  mil  Well  marked 

0.010  mil  Standard 

0.012  mil  Very  marked  inconrdination 

Sample  5 0.08  mil  Well  marked 

0.10  mil  Standard 

0.12  mil  Very  marked  incoordination 

Sample  5 0.025  mi!  No  reaction 

0.03    mil*  Slight  incoordination 

0.04   mil  Distinct  incotirdination 


*This  is  the  result  using  the  U.  S.  P.  dose  and  observing  the  conditions  rigidly. 

The  above  data  leads  to  the  conclusion  that  the  rate  of  deteri- 
oration of  Cannabis  sativa  and  its  official  extracts  is  much  slower 
than  would  be  assumed  from  Eckler's  work  and  that  for  practical 
purposes  it  may  be  ignored. 
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SOME  NOTES  ON   CHENOPODIUM. 
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Chenopodium  is  also  known  as  American  wormseed,  Mexican 
tea,  Spanish  tea,  Jesuit  tea,  Jerusalem  tea,  and  Jerusalem  oak. 
These  terms  are  applied  to  the  plant  Chenopodium  anthelminticum 
Linnaeus,  also  known  as  Chenopodium  ambrosioides  anthelmin- 
ticum A.  Gray,  a  member  of  the  Chenopodiaceas  or  Goosefoot 
family  of  the  order  Chenopodiales.  In  the  same  genus  is  the 
ordinary  lamb's-quarters,  or  pigweed,  ueed  as  a  food  plant  in  this 
country  and  formerly  so  used  by  the  Indians.  Other  species  of 
this  genus  have  been  used  in  medicine  as  anthelmintics,  antispas- 
modics, expectorants,  emetics,  emmenagogues,  and  in  treatments 
for  chorea.  Chenopodium  is  said  to  have  been  naturalized  in  this 
country  from  tropical  America,  and  to  occur  in  waste  places  from 
New  England  to  Florida  and  California.  It  is  very  common  in 
Virginia,  Maryland,  the  District  of  Columbia,  Arkansas,  and 
Florida,  and  is  cultivated  for  the  market  in  parts  of  Maryland, 
especially  in  Carroll  county.  Moillet  and  Carreno  state  that  as 
■'epazote,"  chenopodium  is  known  almost  all  over  Mexico. 

The  plant  grows  to  a  height  of  3  to  3  feet  (Briining^  says 
8  to  5  feet,  quoting  an  early  Dispensatory)  and  may  be  distin- 
guished by  the  odor  of  the  volatile  oil  of  chenopodium  which  is 
noticed  when  the  leaves,  stem,  or  seeds  are  crushed.  According 
to  Briining,  the  plants  yield  1.5  to  2  per  cent  of  this  oil.  Keith- 
states  of  oil  of  chenopodium :  "It  is  an  ethereal  oil  obtained  from 
an  American  plant  resembling  tlie  cabbage."  As  chenopodium 
bears  no  resemblance  to  cabbage  and  belongs  to  a  different  order 
of  plants,  this  statement  appears  to  be  based  on  misinformation. 
A  recent  statement  in  the  Boston  Medical  and  Surgical  Journal 
(v.  175  (23),  p.  438)  to  the  effect  that  the  principal  sources  of 
chenopodium  are  in  the  islands  of  Java  and  Sumatra  and  the 
Levant  is  probably  based  on  a  confusion  of  American  chenopo- 
dium and  the  Levant  santonica. 

•Briining,  H.:  Zeits.  f.  Exper.  Path.  u.  Therapie,  190G.  3.  pp.  564-58T. 
=Keith,  R.  D.:  /.  Trap.  Med.  and  Hyg..  1916,  11,  pp.   130-131. 
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111  andieliiiiniic  medication,  the  bruised  fruit  lias  been  given 
in  doses  of  20  grains  in  an  electuary;  or  the  expressed  juice  of 
the  fresh  plant  used  in  tablespoonful  doses  ;  or  the  decoction  made 
by  boiling  an  ounce  of  the  fresh  plant  in  a  pint  of  water  given 
in  2-ounce  doses :  or  the  fluid  extract  given  twice  a  day  for  three 
days  in  doses  of  from  15  minims  to  a  drachm ;  or  the  oil  of  cheno- 
podium  derived  from  the  plant  by  distillation  has  been  given, 
according  to  various  published  reports,  as  follows : 

With  preliminary  purgation  with  Epsom  salts,  and  witliout 
preliminary  purgation:  in  doses  of  3  to  10  drops,  15  drops,  IG 
ilrops.  10  minims,  15  minims,  16  minims,  17  minims,  21  minims, 
30  minims,  and  0.22  mil  to  1  mil,  for  adults  :  the  dose  is  given  once 
or  repeated  for  a  total  of  two  or  three  doses ;  the  interval  between 
doses  is  a  half -hour,  an  hour,  two  hours,  four  to  five  hours,  and 
twenty-four  hours ;  the  oil  is  given  in  sugar,  molasses,  honey, 
milk,  emulsion,  capsules,  or  globules ;  it  is  followed  by  Epsom 
salts,  Glauber's  salts,  castor  oil,  castor  oil  and  chloroform,  black 
draught,  unspecified  cathartics,  or  by  no  purgation  whatever ;  the 
interval  between  the  last  dose  of  oil  and  the  dose  of  purgative  is 
usually  two  hours,  sometimes  four  hours ;  the  oil  of  chenopodiuin 
is  occasionally  combined  with  castor  oil,  chloroform,  and  oil  of 
eucalyptus.  Most  writers  advocate  the  use  of  three  doses  with  a 
one-  or  two-hour  interval  between  doses.  It  may  be  noted  in 
passing  that  a  minim  and  a  drop  of  oil  of  chenopodium  is  not  at 
all  the  same  thing.  A  casual  test  with  a  pipette  shows  over  two 
drops  to  the  minim,  a  given  number  of  minims,  therefore,  consti- 
tuting more  than  double  the  dose  of  the  same  number  of  drops. 
The  maximum  dose  is  that  given  by  Keith — three  doses  of  30 
minims  each  at  hour  intervals.  Heiser"  states  in  a  discussion  of 
Keith's  paper  that  Keith  gives  10  minims  each  morning  for  three 
mornings,  and  then  follows  the  last  dose  with  castor  oil  after  a 
two-hour  interval,  but  Heiser  appears  to  have  quoted  Keith 
wrongly  in  this  respect.  The  dose  method  attributed  to  Keith  by 
Heiser  has  been  recorded  by  Thornburg*  and  by  Coutant,''  the 
latter  reporting  a'  case  of  severe  poisoning  from  this  treatment. 
I  regard  this  method  of  treatment,  giving  chenopodium  every 
morning  for  three  mornings  with  no  ]nirgation  until  the  third  day, 
as  the  worst  of  the  methods  so  far  proposed,  for  reasons  already 
])ublishcd  liy  Hall  and  Foster" — i c.  thai  oil  of  cliciiopndinm  is 

"Heiser,  V.  C:  Journal  .1.   M.  .-/.,  .\.1K.    7.    lUI."..  pp.   .-.ad  .".i'T. 

'Thornburg:  Journal  M.  St.  M.  A.,  Feb.,  1M17. 

'Coiiiani,  A.  F.:  Jouriuil  .■!.  M.  A..  Nov.  Sft.  1910. 

•Hall,  M.  C,  and  W.  11.  Fo»tcr:  Journal  A.  M.  A..  Time  30,  11)17,  pp.   11)01-1903. 


distinctl)'  constipating  and  should  be  given  with  a  purgative  rather 
than  left  for  two  2-i-hour  intervals  before  purgation.  Experi- 
mental work  in  this  laboratory  indicates  that  the  prompt  admin- 
istration of  castor  oil  has  very  distinct  protective  value  against 
the  irritant  and  toxic  properties  of  oil  of  chenopodium,  saving  the 
lives  of  dogs  that  were  given  doses  found  to  be  lethal  when  given 
without  castor  oil,  and  it  appears  to  be  superior  to  any  other 
])urgative  for  use  with  oil  of  chenopodium.  In  numerous  experi- 
ments we  have  found  the  administration  of  the  oil  of  chenopo- 
dium in  soft  or  elastic  capsules  to  be  the  most  satisfactory  mode 
iif  administration.  On  the  other  hand,  Darling,  Barber  and 
Kacker'  found  magnesium  sulphate  superior  to  castor  oil  in 
clinical  experience,  and  did  not  obtain  as  satisfactory  results  from 
the  soft  capsules  used  by  them  as  from  hard  capsules.  This 
matter  needs  additional  consideration,  owing  to  differences  in  the 
composition  of  various  makes  of  soft  capsules  and  owing  to  the 
effect  of  the  contained  drug  on  the  solubility  of  capsules  of  any 
given  composition. 

Millspaugh*  states  that  chenopodium  is  said  to  have  been  used 
by  the  American  Indians  as  a  vermifuge  and  as  a  treatment  for 
dysmenorrhea.  Weeds  that  are  notoriously  bitter  or  pungent  are 
very  commonly  regarded  by  primitive  peoples  as  potent  plants, 
either  as  drugs  or  for  other  purposes,  and  it  is  unlikely  that  such 
a  highly  and  distinctively  odorous  plant  as  chenopodium  would 
go  uninvestigated.  And  it  would  only  take  a  moderate  amount  of 
investigation,  in  all  probability,  to  establish  the  potency  and  the 
particular  value  of  chenopodium.  Primitive  peoples,  children  and 
persons  of  low  mentality  and  little  education  are  especially  subject 
to  infestation  with  parasites,  this  being  a  result  of  the  unsanitary 
surroundings  and  habits  common  among  those  mentioned.  Where 
infestations  with  such  worms  as  ascarids  are  common,  as  was 
probably  the  case  among  the  Indians,  the  connection  between  the 
ingestion  of  chenopodium  and  the  passage  of  these  large  worms 
would  not  be  hard  to  imagine  or  establish.  Millspaugh  states  that 
the  Indians  also  used  spigelia  (pinkroot),  another  native  anthel- 
mintic, before  Columbus  discovered  America. 

Following  the  Indian's  use  of  chenopodium,  there  has  been  a 
long  "wormseed  tea"  period,  during  which  period  this  valuable 
anthelmintic  was  largelv  used  as  a  home  remedy  on  the  farms 


'Darling,   S.   T.,  M.   A.   Barber,   and  H.   P.   Hacker:   Journal  A.   M.   A.,   Feb.   2%, 
1918.  pp.   499-507. 
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and  by  the  colored  "mammies"  of  the  South.  At  the  same  time 
our  medical  men  very  generally  ignored  this  valuable  anthelmintic 
and  used  imported,  and  in  the  main  less  effective,  drugs.  An 
appreciation  of  chenopodium,  which  began  before  the  outbreak 
of  the  present  war,  has  been  intensified  by  the  shortage  of  im- 
ported drugs  since  the  war  began,  and  at  present  chenopodium  is 
being  very  largely  used  and  is  receiving  an  increasing  amount  of 
study  and  attention. 

According  to  Nelson,"  oil  of  chenopodium  was  first  investigated 
by  Garrigues  in  1854  and  reported  as  containing  a  hydrocarbon 
boiling  at  176°  C.  and  a  liquid  of  the  formula  CioHj^O.  The  same 
authority  states  that  Schimmel  &  Company,  by  fractionating  at 
reduced  pressure  (the  oil  exploding  on  attempted  distillation  at 
atmospheric  pressure),  separated  a  liquid,  designated  as  ascaridol, 
which  constitutes  the  major  portion  of  the  oil  and  to  which  the 
peculiar  chemical  and  medicinal  properties  are  due.  Ascaridol  is 
a  yellow  oil  with  the  fomiula  C,oHi,jOn.  Nelson  came  to  the 
conclusion  that  it  was  an  unstable  dioxide. 

Investigations  of  the  action  of  oil  of  chenopodium  naturally 
follow  two  independent  but  correlated  lines  of  work.  One  line  is 
an  investigation  of  its  actual  efficacy  as  an  anthelmintic,  since  that 
is  practically  the  only  use  of  the  drug ;  the  other  line  is  an  investi- 
gation of  the  physiological  action  of  the  drug  on  the  host  animal, 
since  anthelmintics  are  practically  always  poisonous  to  some 
extent,  and  it  is  desirable  that  we  know  their  incidental  effects  as 
well  as  the  dose  and  mode  of  administration  that  will  give  ade- 
quate anthelmintic  action  with  a  minimum  injurious  effect  on  the 
host.  This  last  line  of  investigation  has  been  pursued  by  Salant 
and  his  collaborators  in  the  U.  S.  Bureau  of  Chemistry  for  some 
years.  Studies  of  the  anthelmintic  efficacy  have  been  made  by  a 
number  of  physicians  in  this  country  and  abroad  with  clinical 
findings  as  a  basis,  by  Hall  and  Foster  in  the  U.  S.  Bureau  of 
Animal  Industry,  and  by  myself  in  this  laboratory  with  animal 
experimentation  as  a  basis.  These  experimental  findings  have 
been  published  in  part  in  the  preliminary  note  by  Hall  and  Foster 
and  will  be  given  in  detail  in  subsequent  papers.  The  experiments 
indicate  that  in  animals  having  a  simple  digestive  tract,  as  in  the 
case  of  man  and  the  carnivora,  oil  of  chenopodium  is  more 
effective  against  such  worms  as  ascarids  than  any  other  anthel- 
mintic now  in  use. 

•Nelson,  E.  K.:  Bii.   Chem.  Circ,  7S,   Itlll.  pp.   1  in. 
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In  a  recent  paper.  Hall  (1917)  reported  the  occurrence  of  a 
coccidian  in  dogs  in  Detroit  and  stated  that  its  size  precluded  the 
idea  that  it  was  Diplospora  bigemina,  so  far  as  available  literature 
showed.  An  examination  of  Stiles's  (1892)  original  paper  and  of 
the  measurements  given  by  Fantham  (1916)  leads  us  to  the  con- 
clusion that  this  coccidian  at  Detroit  is  D.  bigemina.  In  the  first 
2^)0  dogs  examined  here,  this  parasite  was  found  in  15,  or  7.5  per 
cent,  a  frequency  that  warrants  some  study  of  this  organism  and 
which  suggests  that  it  is  probably  much  commoner  in  American 
dogs  than  our  present  lack  of  information  would  suggest.  An- 
other thing  which  warrants  consideration  of  this  protozoan  is  the 
fact  that  it  is  reported  as  one  of  the  species  occurring  in  man.  In 
1915.  Wenyon  reported  a  coccidian,  Eimeria  (Coccidium),  from 
soldiers  on  the  Gallipoli  Peninsula,  and  the  same  year  Woodcock 
reported  Isospora,  a  generic  name  sometimes  used  in  place  of 
Diplospora,  from  soldiers  in  the  same  locality.  (The  available 
literature  states  that  Diplospora  develops  2  spores  each  containing 
4  sporozoites,  while  Isospora  develops  2  spores  each  containing  a 
\ariable  number  of  sporozoites.)  Castellani  (1917)  says  that 
coccidiosis  in  man  is  comparatively  common  in  the  Balkans  and 
notes  a  number  of  cases,  stating,  in  comment,  that  treatment  was 
unsatisfactory.  Inasmuch  as  our  soldiers  may  yet  fight  on  any  of 
the  battle  fronts  surrounding  the  Central  Powers,  the  diseases  to 
which  they  may  be  exposed  deserve  especial  consideration  at  this 
time.  Moreover,  the  disease  in  the  dog  has  received  very  little 
study. 

In  the  case  of  dog  No.   127,  a  heavily  infected  animal,  this 


coccidian  showed  a  marked  tendency  to  occur  in  adherent  groups 
in  the  feces.  We  use  the  method  of  examining  the  feces  described 
by  Hall  (1917)  and  in  spite  of  tlie  use  of  the  mechanical  agitator, 
coccidia  were  cormnonly  found  in  clusters  of  two  to  twelve  in  the 
feces  of  this  animal.  We  regard  this  as  perhaps  due  to  an  adhesive 
character  of  the  oocyst  wall  or  to  a  i)articularly  mucilaginous 
quality  of  this  dog's  feces. 

Stiles  (1892)  notes  that  this  species  occurs  in  dogs  and  cats 
and  in  the  polecat,  Pittoriits  putorius.  Railliet  and  Lucet  (1891) 
have  reported  these  as  different  varieties,  Coccidium  higcminum 
canis,  C.  bignnmum  cati,  and  C.  bigeminiim  putorii.  Weidman 
(1915)  has  reported  another  variety,  C.  bigemiuum  canivelocis, 
from  swift  foxes  in  the  western  United  States.  Stiles  notes  that 
the  coccidia  from  the  intestine  of  the  dog  which  have  been  re- 
ferred by  various  authors  to  Coccidium  pcrforans.  the  form  from 
the  rabbit  intestine  (regarded  by  some  workers  as  identical  with 
liimeria  sticdae),  are  probably  C.  big^cminum.  Recently  Guille- 
beau  (1916)  has  reported  Eimcria  sticdae,  the  coccidian  com- 
monly found  in  the  liver  of  rabbits,  from  the  liver  of  dogs,  but  in 
his  review  of  this  paper  (Guillebeau,  1917)  Railliet  ctincludes  that 
the  organisms  described  are  not  coccidia,  but  hlastomycetes. 
Railliet  does  not  regard  the  hepatic  organisms  described  by 
Lienaux,  Clark.  Marcone,  or  Olt  as  coccidia,  and  notes  that  forms 
described  1)\    l'err(incili)  arc  irichosome  eggs.     He  believes  that 


Flu.  I.     Diplospora  bigemina,     Oocy.st  with  two  spores,  each  containiuK  f'nir  sporo^oitoa 
and   a   residual   Imdy.      Highly    niaxniricd. 

Diplospora  bigciniiui  Ir<iin  llic  mucosa  and  siiliiinuosa  ni  ilic  in- 
testinal villi  is  the  only  coccidian  known  from  the  dog,  and  that 
while  hepatic  coccidia  may  occur  in  the  dog,  no  case  of  the  sort 
has  been  estai)lishe(l.  In  passing  we  note  the  following  editorial 
from  the  Pacific  Medical  Journal  of  July,  191(«: 

"CorciDiosis,     This  disease,  said  tn  be  hkhc  or  less  prevalent 


in  San  Joaquin  Valley  of  California,  is  produced  by  a  protozoan 
or  psorosperm.  The  parasite  is  found  in  the  excreta  of  dogs, 
hogs,  and  in  the  intestine  and  liver  of  rabbits  and  in  bones  of  the 
human  family.  Some  forty  cases  are  known.  Most  of  them 
originated  in  the  San  Joaquin  Valley.  The  mortality  is  100  per 
cent.  The  most  recent  case  occurred  in  Los  Angeles  County 
Hospital." 

There  appears  to  be  some  misunderstanding  or  error  involved 
here.f 

Most  of  the  material  we  have  examined  falls  within  the  range 
of  measurements  given  by  Hall  (1917),  the  oocysts  measuring  36 
to  40  M  long  by  28  to  33  u  wide.  Fantham  (1916)  gives  a  range  of 
22  to  40  H  by  19  to  28  u.  These  forms  have  2  spores,  each  spore 
measuring  10  to  20  u  in  diameter  (Fantham  gives  a  range  of  10  to 
18  It),  and  each  spore  contains  4  sporozoites,  each  12  u  long  by  4  u 
wide,  and  a  residual  body  (Fig.  1).  In  one  animal,  dog  No.  223, 
we  found  a  smaller  strain  of  coccidia,  the  oocysts  measuring  20  by 
18  u  in  diameter,  the  spores  12  by  11  u  in  diameter,  and  the  sporo- 
zoites being  10  u  long  and  3  it  wide.  The  distinction  in  size  be- 
tween the  coccidia  in  this  animal  and  the  other  coccidia  was  quite 
marked  and  naturally  raises  the  question  whether  this  should  be 
regarded  as  a  strain,  a  variety,  or  a  species.  It  is  possible  that 
there  are  several  species  of  Diplospora  in  the  dog,  characterized 
by  considerable  differences  in  size,  or  there  may  be  one  species 
developing  various  strains  under  certain  determining  conditions. 
This  is  not  a  matter  on  which  we  care  to  pass  judgment,  but  it  is  a 
question  which  apparently  deserves  investigation.  If  we  under- 
stand the  figures  given  by  Stiles  and  other  writers,  the  oocysts 
from  European  dogs  are  about  10  u  in  diameter,  the  small  ones  at 
this  point  are  about  20  u  in  diameter,  while  the  large  ones  here 
and  the  forms  reported  by  Weidman  (1915)  from  the  western 
swift  fox,  examined  in  the  Philadelphia  Zoological  Garden,  attain 
a  diameter  of  40  u. 

Some  incidental  attempts  to  culture  our  coccidian  material 
gave  the  following  results :  Coccidia  of  the  larger  strain,  in  feces 
from  dog  No.  127,  were  kept  in  a  10  per  cent  solution  of  potas- 
sium bichromate,  as  advocated  by  Cole  and  Hadley   (1910),  at 

tThis  may  refer  to  infection  with  Coccidioides,  which  is  at  present  regarded  as  a 
fungus. 
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room  temperatures.  The  culture  was  not  examined  until  the  ninth 
day.  at  which  time  most  of  the  oocysts  had  spores  containing 
sporozoites.  A  second  bichromate  culture  was  made  up  of 
coccidia-infested  feces  of  dog  Xo.  'ilO  and  kept  at  a  temperature 
of  23°  to  29°  C.  During  the  first  24  hours  the  oocyst  material 
divided  to  form  the  two  sporoblasts.  During  the  next  24  hours, 
the  spores  formed  and  the  sporozoite  development  went  on  to  the 
production  of  two  to  four  cells  to  a  spore.  During  the  third  day, 
sporozoites  were  present  in  almost  all  oocysts.  Under  such 
favorable  conditions,  then,  feces  containing  this  coccidian  would 
probably  be  infective  for  other  susceptible  animals  by  the  fourth 
day.  A  third  culture  from  the  feces  of  this  same  dog.  No.  210, 
was  made  at  the  same  time  as  the  one  just  noted,  but  was  made 
with  tap  water.  At  the  same  temperatures  as  the  preceding 
culture,  this  culture  with  water  showed  no  apparent  change  the 
first  24  hours.  During  the  next  24  hours  some  cell  division  was 
observed  in  the  oocysts.  The  subsequent  development  proceeded 
very  slowly  and  the  early  stages  of  sporozoite  development  were 
not  noted  until  the  eighth  day.  On  the  fourteenth  day  several 
oocysts  were  found  showing  developed  sporozoites.  .\  fourth 
culture  was  made  with  a  smaller  strain  of  coccidia.  the  infected 
feces  of  dog  No.  223  being  cultured  in  10  per  cent  potassium 
bichromate  at  temperatures  of  20°  to  23°  C.  During  the  first 
24  hours,  cell  division  had  proceeded  to  the  point  where  there 
were  2  well-defined  sporoblasts.  During  the  second  24  hours, 
development  proceeded  to  the  formation  of  4  well-defined  sporo- 
zoites. This  material  was  fed  to  dog  No.  173,  which  it  failed  to 
infect,  but  this  dog  seemed  to  have  acquired  inmiunity  to  cocci- 
diosis.  It  appears,  then,  that  feces  of  dogs  infected  with  Diplo- 
spora  bigetiiina  may  become  infective  for  susceptible  animals 
under  very  favorable  conditions  in  48  hours,  probably,  and  under 
unfavorable  conditions  may  remain  uninfective  for  two  weeks  or 
longer.  It  is  unlikely  that  conditions  in  nature  very  often  ap- 
proach the  favorable  conditions  afforded  by  the  use  of  potassium 
bichromate  solution  and  the  maintenance  of  the  temperature 
noted,  and  consequently  the  developniiiii  inriuil  in  n.ilure  jjrob- 
ably  is  a  matter  of  weeks  rather  than  (lay>  as  a  rule. 

To  ascertain  the  length  of  time  required  for  the  coccidia  to 
develop  from  the  infecting  s])orozoites  in  the  dog  to  the  .ipiH'ar- 


ance  of  oocysts  in  the  feces,  the  following-  experiments  were 
performed : 

Dog  No.  216,  under  treatment  with  Fowler's  solution,  was 
given  a  heavy  concentration  of  sporozoites  about  1  hour  after 
receiving  Fowler's  solution.  The  dog  vomited  about  15  minutes 
later,  probably  losing  some  of  the  coccidian  material  in  this  way. 
Fecal  examinations  for  the  following  13  days  were  negative.  Dog 
Xo.  219.  having  shown  no  coccidia  on  a  single  fecal  examination, 
was  fed  a  heavy  infestation  of  sporozoites  from  the  feces  of  dog 
No.  127.  The  feces  showed  no  coccidia  the  next  3  days;  the 
fourth  day  was  Svmday  and  the  feces  were  not  examined ;  the 
fifth  day  oocysts  were  found  in  the  feces,  the  cycle  from  sporo- 
zoite  to  oocysts  in  the  feces  requiring  at  least  4,  possibly  5,  days. 
Dog  No.  130,  having  shown  no  coccidia  on  a  single  fecal  exami- 
nation, was  fed  a  half  drachm  of  a  bichromate  culture  of  feces 
containing  coccidia.  No  coccidia  were  found  in  the  feces  the  next 
two  days  and  no  feces  were  passed  the  third  day.  On  the  fourth 
day,  oocysts  appeared  in  the  feces,  among  them  an  oocyst  con- 
taining 2  spores,  which  suggests  that  the  oocyst  in  the  1-celled 
stage,  as  ordinarily  found  in  the  feces,  was  present  on  the  third 
day.  The  post-mortem  examination  of  this  dog  on  the  fifth  day 
after  feeding  the  coccidia  showed  numerous  coccidia  in  various 
stages  of  development  in  the  intestinal  wall.  Dog  No.  173  was 
given  a  half  drachm  of  culture  containing  coccidia  in  bichromate 
solution.  Fecal  examinations  through  the  following  10  days  were 
negative.  The  feces  were  not  examined  the  eleventh  day,  but  on 
the  twelfth  day  they  were  examined  and  oocysts  found.  The  de- 
velopmental period  from  the  ingestion  of  sporozoites,  therefore, 
appears  to  require  from  4  days,  possibly  as  little  as  3  days,  to 
1 1  or  12  days.  A  culture  of  coccidia  in  potassium  bichromate 
was  fed  to  a  rat,  but  fecal  examinations  were  still  negative  at  the 
end  of  19  days,  and  the  examinations  were  abandoned  with  the 
presumption  established  that  rats  are  probably  not  capable  of 
infection  with  D.  bigemiua  under  ordinary  circumstances. 

.Mthough  the  treatment  of  coccidiosis  is  generally  unsatisfac- 
tory at  present,  it  has  been  noted  by  investigators  that  infestations 
are  commonly  self-limited  ;  after  the  host  is  infested,  the  coccidian 
reproduces  by  schizogony  for  a  time,  spreading  the  infestation 
more  widely  in  the  host,  but  after  a  time  the  parasitic  elements 


undergo  the  sexual  transformation  leading  to  the  formation  of 
oocysts  intended  for  the  dissemination  of  the  infection  to  other 
host  animals,  the  schizogonous  cycle  comes  to  an  end,  and  the 
infestation  terminates.  We  had  occasion  to  observe  this  for 
D.  higcmina  in  the  case  of  dog  No.  1T3.  As  noted  above,  feeding 
of  infective  material  led  to  the  infestation  of  this  dog  and  the 
appearance  of  oocysts  in  the  feces  on  the  twelfth  day.  Oocysts 
were  numerous  in  the  feces  of  this  dog  for  a  little  over  a  week. 
On  the  tenth  day  of  oocyst  occurrence  in  the  feces  there  was  a 
marked  falling  off  of  their  number  and  very  few  were  found  the 
next  two  days.  No  oocysts  were  found  thereafter,  so  the  infesta- 
tion required  12  days  before  oocysts  appeared  in  the  feces  and 
lasted  only  another  Vi  days  so  far  as  the  presence  of  oocysts 
showed  infestation.  Fecal  examinations  for  the  next  61  days 
showed  no  oocysts,  in  spite  of  attempts  at  reinfestation. 

Crawley  (1912)  states  in  regard  to  the  self-limitation  of  coc- 
cidiosis:  "Apparently,  however,  no  immunity  is  produced,  and 
another  attack  of  the  disease  may  result  from  a  fresh  infection 
from  w  iiliciut."  .\n  experiment  along  this  line  was  carried  out  in 
connection  with  the  self-limitation  of  infection  of  dog  No.  173. 
After  this  dog  had  been  infested  by  feeding,  had  shown  the  infes- 
tation for  12  days,  and  had  then  been  apparently  free  from 
infestation  for  14  days,  the  animal  was  given  2  mils  of  material 
from  the  same  infective  culture  of  D.  bigemiiia  that  had  previ- 
ously infected  it.  No  oocysts  were  found  in  the  feces  during  the 
next  IS  days.  Nineteen  days  after  this  attempt  to  infect  the  dog, 
the  animal  was  given  3  mils  of  a  heavy  concentration  of  coccidian 
material  obtained  from  this  animal  while  it  was  showing  an 
abundance  of  coccidian  material  in  the  feces.  No  oocysts  were 
found  in  tlie  feces  during  tlie  next  16  days.  Seventeen  days  after 
this  second  attempt,  the  animal  was  given  4  mils  of  a  culture  of 
the  small  strain  of  coccidia  found  in  dog  No.  223.  No  oocysts 
were  found  in  the  feces  during  the  next  1 1  days,  at  which  time 
the  dog  was  killed.  This  dog  had  shown  no  sign  of  coccidiosis 
after  having  been  fed  3  cultures  at  intervals  of  11,  2<S  and  47  days 
previous  to  death.  The  animal  had  been  susceptible  to  coccidiosis 
when  first  given  infective  material  after  being  found  negative. 
In  all  other  cases  where  we  fed  the  same  coccidian  material  to 
<logs,  we  infected  the  animals  without  difficulty,  exce|)t  in  the  case 


of  dog  No.  21G,  which  could  not  be  infected  with  oocysts  from 
infected  feces  of  this  dog  (No.  173).  In  this  case  (No.  173)  we 
failed  to  infect  the  dog  with  the  same  strain  that  had  originalh' 
infected  it,  with  the  coccidia  taken  from  the  dog's  own  feces,  and 
with  a  totally  different  strain,  morphologically  distinguishable  and 
from  a  different  animal.  The  obvious  explanation  that  occurs  to 
us  is  that  this  dog  had  developed  an  immunity  to  D.  bigemina. 
Other  explanations  may  be  figured  out,  but  they  seem  less 
plausible  than  this,  and  we  submit  that  this  is  apparently  a  case 
of  acquired  immunity  to  coccidiosis.  The  apparent  immunity  to 
the  small  strain  is  evidence,  though  not  conclusive,  that  this  and 
the  larger  form  are  only  different  strains  of  a  single  species. 

As  regards  the  pathological  significance  of  D.  bigemina,  we 
have  but  little  information,  but  the  following  notes  may  serve 
some  purpose :  Dog  No.  130  presented  a  clinical  picture  of  dis- 
temper and  died  of  pneumonia,  probably  due  in  part  to  distemper 
and  partly  to  an  accident  in  drenching.  The  small  intestine 
showed  diffuse  hemorrhagic  points,  most  pronounced  in  the  ileum, 
especially  the  lower  ileum  near  the  valve.  Scrapings  of  the  mucosa 
showed  the  coccidia  to  be  most  abundant  in  the  ileum,  less  so  in 
the  jejunum  and  least  so  in  the  duodenum.  These  findings  of 
increasing  numbers  of  coccidia  with  increasing  severity  of  lesions 
may  be  correlated,  but  in  the  absence  of  sections  indicating  the 
relation  of  the  coccidia  to  the  hemorrhage,  we  do  not  care  to 
hazard  a  definite  opinion.  Dog  No.  173  showed  numerous  fine 
petechiae  in  the  intestinal  mucosa,  and  these  were  especially 
numerous  in  the  Peyer's  patches,  giving  these  a  uniformly  dark 
appearance.  No  sections  were  made  and  this  dog  had  shown  no 
oocysts  in  the  feces  for  45  days.  Dog  No.  127  showed  innumer- 
able pinpoint  petechiae  in  the  ileum,  but  it  would  be  unsafe  to 
draw  conclusions  based  on  this  one  dog,  as  the  animal  figured  in 
other  experiments.  The  intestine  of  dog  No.  223  was  macro- 
scopically  normal  except  for  the  presence  of  hook-worm 
petechiae.  Other  dogs  that  had  coccidiosis  were  used  in  experi- 
ments that  complicate  the  post-mortem  findings  and  leave  the 
effect  of  the  coccidiosis  uncertain.  However,  we  may  note  that 
Weidman  (1915)  found  what  he  regards  as  a  variety  of  D.  bigem- 
ina in  hemorrhagic,  ulcerative  enteritis  in  the  swift  fox,  raising 
the  question  as  to  the  possible  etiological  relationship.     In  view 


of  the  fact  tlial  coccidia  are  destructixe  to  c|iilhelial  tissue  and 
that  some  species  fairly  closely  related  to  D.  bigcmina  are  known 
to  be  highly  pathological,  it  would  seem  reasonable  to  suppose 
that  D.  bigcmina  might  be  distinctly  pathological  at  times,  though 
the  apparent  good  health  and  lack  of  post-mortem  lesions  in  other 
dogs  makes  it  certain  that  it  often  does  no  visible  damage. 

A  few  clinical  observations  maj-  be  noted  in  this  connection. 
As  regards  the  presence  of  febrile  conditions,  we  tind  the  follow- 
ing: Dog  No.  173  showed  a  preliminary  temperature  of  101.5" 
before  the  feeding  of  coccidia  to  the  animal.  During  the  next  ten 
days,  in  which  no  oocysts  were  found  in  the  feces,  the  animal's 
temperature  was  as  follows,  no  temperature  being  taken  on  tiio 
fourth  day:  101.7°,  101.0°,  100.3°,  101.2°,  10-.J.4°.  103.0  .  10]. 1, 
101.6°,  99.8°.  This  shows  a  slight  rise  in  temperature  on  ilu' 
sixth  and  seventh  days.  No  temperature  was  taken  on  tlu' 
eleventh  day.  On  the  twelfth  day  oocysts  were  found  in  tiu' 
feces  and  were  abundant  for  the  next  7  days.  This  period  was 
marked  by  a  steady  rise  in  temperature  as  follows:  100.0°,  101.0°, 
101.2°,  101.4°,  101.8°.  10-3.0°  (no  temperature  taken  the  eight- 
eenth day  after  feeding),  102.1.  The  following  days  there  was 
a  marked  falling  ofif  in  the  number  of  oocysts  in  the  feces  and  a 
simultaneous  drop  in  temperature  as  follows:  101.5°,  100.8°, 
101.0°.  Oocysts  then  disappeared  from  the  feces,  the  tempera- 
tures persisting  within  the  limits  of  normal  temperatures  as 
follows:  100. 3^  100.0  ,   loi.n  .  joi.o  .  lon.o  .   loo.s  .  loo.i". 

Dog  No.  219  shownl  ;i  iircliiniii.irv  lcni|uT.iture  of  lO'.'.o  .  This 
animal  had  distemi)er  and  a  [ironounced  goitre,  conditions  which 
complicated  the  clinical  picture  of  coccidiosis.  .\fter  feeding  the 
coccidia  and  while  no  oocysts  were  found  in  tlic  feces,  the  animal's 
temperature  dropped  and  then  rose  as  follows:  101.0°,  101.8°, 
]()3.r  (no  temperature  taken  the  fourth  day  after  the  feeding). 
The  ne.xt  day  oocysts  were  found  in  the  feces  and  again  the  teni- 
))erature  dropped  and  rose  as  follows:  101.0  .  102.1  ,  102. S  . 
102.7°,  falling  the  ne.\l  day  to  101. (i  .  Tlnce  days  later  the 
oocysts  were  very  scarce  in  the  feces  and  tiie  teniiierature  fell  to 
100.0°.  The  animal  was  put  on  anthclminlic  treatment  at  this 
time,  introducing  another  complication,  but  no  more  oocysts  were 
found  in  the  feces  ;md  the  temperature  remained  under  100.0". 
Dog  \o.   130  api>arenllv  ^ol   some  of  the  drencli  cont.iininf;  coc- 
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cidia  into  its  lungs.  No  preliminary  temperature  was  taken.  The 
day  after  the  animal  was  given  the  coccidia,  the  temperature  was 
104.0",  the  next  day  103.2°,  the  next  day  101.0".  During  this 
time  there  were  no  oocysts  in  the  feces.  The  following  day. 
oocysts  appeared  in  the  feces  and  the  temperature  rose  again 
to  102.4°,  the  animal  dying  of  pneumonia  the  following  day. 
Post-mortem  examination  showed  areas  of  red  hepatization  in  all 
the  lobes  of  the  lungs. 

A  consideration  of  the  temperatures  given  suggests  that  there 
is  a  slight  elevation  of  temperature  during  the  period  that  oocysts 
are  found  in  the  feces,  but  it  would  be  unsafe  to  generalize  from 
so  few  cases.  A  consideration  of  the  temperatures  of  a  number 
of  dogs  not  infested  experimentally,  but  found  infested  on  fecal 
examination,  shows  the  following  temperatures  for  periods  when 
oocysts  were  present  in  the  feces  (some  feces  were  only  examined 
on  one  day  for  oocysts)  :  Dog  No.  66—101.3°,  101.5°,  101.4°, 
101.0°,  101. .T°.  102.5°,  98.8°,  95.0°,  followed  by  death  (case  com- 
plicated liy  pneumonic  condition  of  left  median  lobe  and  by  ad- 
ministration of  coal-tar  preparation)  ;  No.  112 — 101.9°,  101.0°. 
102.0°.  101.4°,  101.0°;  No.  119—102.2°;  No.  127—102.5°;  No. 
129—101.5°  ;  No.  139—101.3°  ;  No.  167—101.2°  ;  No.  168—101.6°. 
Taking  the  ligtires  given  by  Malkmus  (1912)  as  the  normal  for 
the  dog,  99.5°  to  102.2°,  we  are  impelled  to  the  conclusion  that 
intestinal  coccidiosis  in  dogs,  due  to  the  presence  of  Diplospora 
bigeniina,  is  an  afebrile  condition. 

In  the  experiment  dogs  which  were  given  some  attention  with 
reference  to  the  presence  of  coccidia.  diarrhea  was  noted  as  fol- 
lows :  Dog  No.  173  developed  a  diarrhea  on  the  sixth  day  after 
oocysts  appeared  in  the  feces,  and  had  a  bloody  diarrhea  on  the 
last  day  in  which  oocysts  appeared  in  the  feces.  Dog  No.  219 
developed  a  diarrhea  on  the  second  day  after  oocysts  appeared  in 
the  feces :  the  following  day  there  was  much  gas  in  the  feces ;  the 
following  day  there  were  blood  and  gas  in  the  diarrheal  feces,  the 
blood  persisting  in  the  diarrheal  feces  over  the  period  in  which 
oocysts  were  found  and  while  the  experiment  remained  uncompli- 
cated by  other  factors.  Dog  No.  130  developed  a  diarrhea  on  the 
first  day  that  oocysts  appeared  in  the  feces.  Inasmuch  as  diarrhea 
is  a  prominent  symptom  of  coccidiosis  in  man,  cattle,  rabbits  and 
birds,  and  is  a  logical  sequel  of  the  coccidian  injury  to  the  intes- 
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tinal  mucosa,  we  are  of  the  opinion  that  the  diarrheas  observed 
may  reasonably  be  associated  with  the  coccidiosis  as  perhaps  its 
most  prominent  symptom.  It  is  a  point  that  deserves  further 
investigation,  but  it  may  be  tentatively  accepted  as  in  accord  with 
the  probabilities.  In  the  case  of  this  species  which  undergoes 
much  of  its  development  in  the  submucosa,  there  appears  to  be  no 
diarrhea  while  only  the  developmental  stages  in  the  submucosa 
are  present,  but  the  passage  through  the  mucosa  of  the  oocysts 
gives  rise  to  injury  resulting  in  the  production  of  diarrhea.  Light 
infestations  may  not  show  diarrhea ;  the  organism  is  present,  but 
no  clinical  picture  of  coccidiosis  is  presented. 

For  some  reason,  the  protozoan  parasites  of  dogs  in  this 
country  have  received  very  little  attention  and  there  is  little  known 
on  the  subject.  It  is  possible  that  such  parasites  are  as  scarce  as 
the  scanty  literature  would  suggest,  but  there  is  no  evidence  that 
such  parasites  have  been  looked  for.  The  following  list  of  pro- 
tozoan parasites  recorded  from  North  and  Central  America  is 
made  up  to  a  considerable  extent  of  records  of  experimental 
infestations.  The  list  covers  only  references  readily  available  and 
is  not  intended  as  an  exhaustive  compilation. 

Entameba  vcnaticnm  was  described  from  dogs  in  the  Canal 
Zone  by  Darling  (liHo).  This  protozoan  was  found  in  the  colon 
on  post-mortem  examination  and  appears  to  be  pathological. 

Trypanosoma  hippiciim,  described  by  Darling  in  1!»10  from 
soiipeds  in  the  Canal  Zone,  has  been  inoculated  into  dogs  at  the 
same  locality,  according  to  the  same  author  (Darling,  1!)]3). 

Trypanosoma  equipcrdiim  was  reported  by  Mohler  (IDll)  at 
\\  asiiington  in  a  dog  imported  from  France  to  this  country  after 
inoculation  with  the  trypanosome  of  dourine  for  comparison  with 
American  strains,  and  American  dogs  were  inoculated  with  this 
French  strain. 

Trypanosoma  evansi,  the  cause  of  surra,  is  reported  from  an 
experimentally  infected  dog  by  Mohler,  F.ichhorn  and  lUuk 
(1913)  at  Washington. 

Babesia  cams,  the  cause  of  canine  piroplasmosis  or  malignant 
protozoan  jaundice,  has  been  reported  from  dogs  in  Porto  Rico. 
Spirocliata  sp.,  an  organism  merely  noted  as  "a  spirochjetc," 
is  said  by  Gray  (If'll?)  to  have  been  found  in  infective  venereal 
granuloma  of  ihc-  dug  in  the  United  States  by  Beebe  and  b'wing 
of  Cornell. 
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Treponema  pallidum,  the  organism  of  syphilis,  has  been  suc- 
cessfully inoculated  in  dogs  by  Bertarelli,  and  dogs  may  have 
been,  and  very  likely  have  been,  inoculated  with  this  organism  in 
the  study  of  experimental  syphilis  in  this  country. 

Protozoan  (?).  Foster  (1912)  reports  what  he  regards  as 
an  undetermined  protozoan  as  the  cause  of  protozoic  stomatitis  or 
sore  mouth  of  dogs  in  the  South.     Of  the  mouth  lesions,  he  says: 

"Microscopic  examination  of  sections  made  through  these 
lesions,  stained  by  Jenner's  method,  reveals  a  protozoic  infection 
of  the  mucous  glands,  which  is  associated  with  streptococcic  infec- 
tion. The  infecting  organisms  are  found  in  the  glands  themselves 
and  also  in  the  ducts  near  the  surface.  Experiments  thus  far  do 
not  permit  me  to  classify  the  protozoa  in  its  proper  place.  .  .  . 
I  find  it  to  be  actively  motile,  possessing  a  movement  indicative  of 
bipolar  flagellae,  although  I  have  not  as  yet  stained  any.  It  re- 
produces by  simple  fission,  will  grow  on  simple  media,  and  pre- 
sents chromatin  granules.  Stained  from  pure  culture,  it  fre- 
quently appears  as  crescent-shaped  on  account  of  its  movement. 
...  In  shape  it  resembles  a  grain  of  barley.  Injected  into  the 
mucous  membrane  of  a  healthy  subject  it  will  produce  the  disease, 
from  which  it  may  be  again  obtained.    It  is  non-sporulating." 

Leishmania  americana,  or  Leishmania  tropica  americana,  the 
organism  causing  the  American  variety  of  Oriental  sore,  is  not 
definitely  reported  from  dogs  in  North  America,  so  far  as  we  are 
aware.  However,  Oriental  sore  has  been  reported  from  man  in 
Panama  by  Darling  (1911)  and  the  disease  and  its  parasite  has 
been  found  in  dogs  in  South  America  by  Pedrosa,  according  to 
Laveran  (1916).     Laveran  states: 

"The  cases  of  natural  infection  of  dogs  by  Leishmania  ameri- 
cana are  very  rare.  In  1913,  Pedrosa  observed,  in  northern  Brazil, 
two  dogs  that  had  ulcerations  of  the  nasal  mucosa.  One  of  the 
dogs  .  .  .  was  in  bad  condition ;  he  had  cutaneous  ulcerations 
beside  the  lesion  of  the  left  nostril ;  smears  made  from  scrapings 
from  the  nasal  ulcer  showed  numerous  Leishman  bodies  identical 
with  those  from  the  human  subject.  The  master  of  the  other  dog 
had  an  ulcer  of  the  foot  that  was  diagnosed  as  leishmaniosis,  and 
he  made  the  dog  lick  his  ulcer ;  the  animal  thereby  became  directly 
infected  .  .  .  ;  the  diagnosis  rested  on  the  macroscopic  appear- 
ance of  the  ulceration,  and  the  historv  of  the  case." 


Rangelia  z'italii  was  described  by  Carini  and  .Maciel,  in  lOH. 
from  the  l)lood  of  dogs  in  Brazil.  It  is  said  to  resemble-  I.cisli- 
iiiania,  but  lacks  a  visible  centrosome.  It  causes  a  disease  known 
as  nambiuva,  bleeding  ear.  yellow  fever  of  dogs,  or  blood  plague, 
characterized  by  icterus  and  cutaneous  and  internal  hemorrhage. 
It  has  not  yet  been  reported  from  North  or  Central  America,  so 
far  as  we  are  aware. 

Neuroryctes  hydroplwbicc  is  the  name  applied  to  the  supposed 
protozoan  organism  causing  rabies.  However,  the  etiological 
agent  in  rabies  is  commonly  regarded  as  not  yet  established.  The 
well  known  Negri  bodies  are  regarded  as  diagnostic  of  rabies,  but 
their  identity  with,  or  relation  to,  the  cause  of  rabies  is  still  de- 
bated. Owing  to  the  laxity  in  our  treatment  of  dogs,  rabies  is 
rather  common  in  the  United  States. 

Summary.  Diplospora  higeiuina  has  been  foimd  in  7.5  per 
cent  of  200  dogs  examined  at  Detroit.  The  occurrence  of  this 
coccidian  in  man  in  other  countries  gives  it  considerable  import- 
ance and  it  may  be  found  to  occur  in  man  in  this  country.  The 
coccidian  is  reported  from  the  western  swift  fox,  indicating  that 
it  may  occur  in  the  West,  the  home  of  the  fox,  or  may  occur  in 
the  ]'"-ast,  where  the  foxes  examined  were  living  in  a  zoological 
garden. 

Under  favorable  temperature  conditions,  oocysts  in  10  per  cent 
potassium  bichromate  solution  appear  to  develop  infective  sporo- 
zoites  in  two  days,  but  under  less  favorable  conditions,  probably 
more  nearly  those  found  in  nature,  this  may  require  two  weeks  or 
longer.  From  the  feeding  of  oocysts  containing  infective  s])oro- 
zoites  to  the  appearance  of  oocysts  in  the  feces  of  the  dogs  fed,  a 
period  of  as  little  as  3  or  4  days  to  as  much  as  11  or  Vi  days  may 
elapse.  Infections  are  self -limited.  In  one  animal  oocysts  were 
present  in  the  feces  for  Vi  days:  sulise(|uenl  attempts  to  infect 
this  animal  failed  and  there  was  apparently  an  ac(|uired  immunity 
to  coccifliosis. 

With  infestati(jn>  naturally  acquired,  d(ig>  olii-n  ^luiw  a  prac- 
tically normal  fligestive  tract  post  mortem,  but  with  heavy  infesta- 
tions, usually  the  result  of  feeding  coccidia  experimentally, 
hemorrhagic  conditions  have  been  found  that  may  be  related  to 
the  |>resence  of  the  coccidia.  The  disease  is  afebrile,  though 
experiments  suggest   that    there  is  a  slight   elevation   of   lcn)])era- 


ture  (luring  the  time  that  oocysts  are  found  in  the  feces.  Diarrhea, 
at  times  with  the  presence  of  gas  or  blood  in  the  feces,  appears  to 
he,  and  probably  is.  a  symptom  of  canine  coccidiosis. 

The  following  protozoa  have  been  recorded  in  dogs  in  North 
and  Central  America:  Entameba  venaticum.  Babesia  canis.  Dip- 
lospora  bigemina,  Spirochata  sp.,  Neuroryctes  hydrophobia  and 
an  undetermined  form  regarded  as  protozoan. 

The  following  protozoa  have  been  reported  in  experimental 
infestation  in  dogs  in  North  and  Central  America:  Trypanosoma 
hippicum,  Trypa)wsoma  eqiiiperduin.  and  Trypanosoma  evansi. 

Treponenm  pallidmn,  an  organism  only  too  common  in  man  in 
this  country,  has  been  inoculated  in  dogs  by  Bertarelli,  Lcish- 
niania  ainericana  has  been  found  in  man  in  Panama  and  in  dogs  in 
Rrazil.  and  Rangelia  vitalii  has  been  reported  from  dogs  in  Brazil. 
Any  or  all  of  these  forms  might  be  found  in  dogs  in  this  country, 
but  we  find  no  existing  records. 
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THE  INTRAVENOUS  USE  OF  RED  MERCURIC  IODIDE. 

By  L.  W.  Rowe,  M.S.,  Detroit,  Mich. 

(Fru.ii  the  Researcli  Laboratory,  I'arkc.   Davis  &  Co..  Detroit,   Mich.) 

The  value  of  mercury  in  combating  spirochetal  diseases,  par- 
ticularly syphilis,  has  long  been  recognized,  but  its  exhibition  in 
the  body  in  a  satisfactory  form  is  attended  by  many  difficulties. 
The  insolubility  of  many  of  the  salts  of  mercury  coupled  with 
their  toxic  action  upon  body  cells  has  rendered  them  of  very  little 
therapeutic  value.  The  bichloride  of  mercury  because  of  its  com- 
paratively greater  solubility  and  consequent  effectiveness  has  been 
used  wherever  possible,  but  its  very  corrosive  action  upon  body 
tissues  when  administered  hypodermically,  or  even  upon  mucous 
membranes  when  applied  in  a  more  concentrated  solution,  have 
greatly  limited  its  use.  In  combination  with  blood  serum  the 
bichloride  has  been  used  intraspinally  with  some  success,  but  the 
amount  of  bichloride  which  combines  with  the  serum  is  not  very 
great  and  a  large  dose  is  therefore  necessary.  The  intravenous 
use  of  a  satisfactory  solution  of  the  bichloride  is  impossible  be- 
cause of  the  great  danger  from  embolism  due  to  coagulation  of 
some  of  the  proteins  of  the  blood. 

The  red  iodide  of  mercury,  HgL  (sometimes  called  biniodide), 
is  as  nearly  insoluble  in  water  as  any  of  the  salts  of  mercury,  and 
for  that  reason  is  of  no  therapeutic  importance.  When  combined 
with  an  equal  amount  of  potassium  iodide,  a  soluble  compound  is 
formed  which  is  a  very  effective  germicide,  indicating  that  the 
characteristic  action  of  mercury  is  exhibited.  The  efficiency  of 
bichloride  as  a  germicide  is  very  great,  as  is  indicated  by  the  fact 
that  its  germicidal  coefficient  is  approximately  one  thousand 
(1000),  or  in  other  words  that  it  is  about  one  thousand  times  as 
efficient  as  pure  carbolic  acid,  yet  the  average  results,  reported  by 
various  workers,  of  tests  of  solutions  of  mercuric  iodide  in  potas- 


siuni  iodide  show  that  this  combination  is  fully  five  times  as  effi- 
cient as  the  bichloride,  or  5000  times  as  efficient  as  pure  Carbolic 
acid.  With  this  fact  in  mind  it  was  thought  advisable  to  attempt 
to  obtain  some  idea  concerning  the  possibilities  of  the  use  of 
mercuric  iodide  intravenously  by  determining  the  toxicity  of  this 
compound  to  animals  when  administered  intravenously. 

A  search  of  the  literature  shows  that  Stassano  and  Compel' 
have  published  several  short  articles  in  which  they  have  com- 
mented upon  the  great  germicidal  activity  and  comparatively  low 
toxicity  of  mercuric  iodide  and  potassium  iodide,  but  their  ex- 
perimental data  has  been  largely  concerned  with  the  germicidal 
action  and  no  definite  comparisons  could  be  made  because  of  the 
lack  of  toxicity  data.  Lydston-  in  a  very  short  report  of  some 
clinical  results  states  that  he  has  frequently  administered  red 
mercuric  iodide  dissolved  in  potassium  iodide  intravenously  with 
no  harmful  effects. 

The  tests  shown  in  the  accompanying  tables  were  carrietl  out 
upon  guinea  pigs,  dogs,  and  rabbits,  in  order  to  show  the  toxicity 
of  red  mercuric  iodide  and  potassium  iodide  when  given  in- 
travenously to  animals.  Two  comparative  tests  of  mercuric 
chloride  were  also  made. 

From  data  obtainable  in  this  laboratory  the  toxicity  of  phenol 
(carbolic  acid)  administered  intravenously  to  guinea  pigs  is  0.2 
gm.  per  kg.  body  weight.  With  this  additional  data  the  follow- 
ing table  (VI)  of  comparative  toxicity  and  efficiency  should  be 
of  value. 


1.XICITV   OF    RED 


Dog  Wciglil 

Dose  in  Rm. 

Total  Hose 

No. 

mkg. 

per  kg. 

Dil. 

inCc. 

Result 

Remarks 

1 

8 

.015 

1:100 

18 

riie<l 

Dead  in  2  hours 

2 

0.6 

.010 

1:20 

1.3 

Died 

Dead   in   20  hours 

8 

7.5 

.008 

1:80 

1.8 

Hieil 

Dead  in  2  days 

4 

9.5 

.OO.J 

1:30 

1.43 

Did 

Dc.id  in  5  <lays 

f, 

7 

.004 

1:50 

1.40 

Did 

Dead  in  i'/,  davs 

0 

II 

.004 

1:80 

.72 

Died 

Dead  in  6  days 

7 

0 

.003.1 

1:20 

.03 

Lived 

Lived    3    weeks   + 

R 

l(l:.'i 

.0030 

1:80 

.03 

Lived 

Lived    3   weeks   + 

S 

11 

.0025 

1:20 

.55 

Lived 

Lived  3   weeks  4- 

M. 

L.   D.   .0040 

gm.  per  kg. 

wt.   of  clog. 

'Stassano  and  Compel:     Compl.  rend.  Soc.  de  biol.,  1013,  Ixxv.  48  II;   Ihid  ,  1014, 
Ixxvii,  Sll;  Compt.  rend.  Aead.  d.  Sc.,  1014,  civiii,   1710-in. 
'Lyilston,  ';    I'       1  ."r    Am.   Med.  .Assn.,  1010.  Ixvii,  1440. 
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Table  II 

TOXICITY    OF    RED    MERlURIC    IODIDE    DISSOLVED    IN    POTASSIUM    IODIDE   ADMIN 
INTRAVENOUSLY    TO    GUINEA    PIGS 


Weight 

Dose  in  gm. 

Dose  in 

No 

ingra. 

per  kg. 

Dil. 

Cc. 

Result 

Remarks 

375 

.008 

1:100 

.30 

Died 

Died    during    night 

395 

.005 

,20 

Died 

Died    during    night 

477 

.004 

1:1000 

1.91 

Died 

325 

.004 

1:500 

.65 

Died 

315 

.004 

.63 

Died 

405 

.004 

.81 

Died 

359 

.004 

.72 

Died 

395 

.0036 

.70 

Died 

458 

.0035 

.80 

Died 

10 

478 

.0035 

.83 

Died 

11 

455 

.0035 

.SO 

Died 

12 

452 

.0035 

.79 

Died 

Died    6    day.'!    after 
dosing 

13 

445 

.0030 

.66 

Died 

14 

507 

.0030 

.76 

Died 

15 

519 

.0030 

.78 

Died 

16 

519 

.0030 

.78 

Lived 

Lived    10    days    + 

17 

436 

.0030 

.65 

Died 

18 

463 

.0025 

.58 

Lived 

Lived  10  days  + 

19 

327 

.0025 

1:1000 

.82 

Lived 

"        "        '* 

30 

350 

.0020 

.70 

Lived 

21 

488 

.0020 

1:500 

.49 

Lived 



22 

344 

.0015 

1:2000 

1.00 

Lived 

"        "        " 

23 

375 

.0010 

.75 

Lived 

"        "        't 

84 

373 

.0008 

1:5000 

1.50 

Lived 

"        "        " 

M. 

L.  D.  is  .0030 

gm.  per 

kg.  body  we 

ght. 

Table  III 

TOXICIT 

•   OF   RED   MERCURIC   IODIDE  DISSOLVED 

N    POTASSIUM 

IODIDE   ADMINISTERED 

INTRAVENOUSLY    TO 

RABBITS 

Weight 

Dose  in  gm. 

Dose  in 

No. 

ingm. 

per  kg. 

Dil. 

Cc. 

Result 

Remarks 

1 

2000 

.026 

1:100 

5.0 

Died 

Dead  in  1^  hours 

2 

1676 

.016 

2.51 

Died 

Dead  in  3  days 

3 

1520 

.010 

1:50 

.81 

Died 

Died   during   night 

i 

3150 

.0080 

1:100 

2.62 

Died 

Dead  in    1   week 

5 

1783 

.0060 

1:80 

.86 

Died 

Dead  in   1   week 

6 

2000 

.0050 

1:100 

1.00 

Lived 

Lived  2   weeks  + 

Table  IV 

TOXICITY     OF     MERCURIC     CHLORIDE     ADMINISTERED     INTRAVENOUSLY     TO     DOGS 

Weight  Dose  in  gm.  Dose  in 

in  gm.  per  kg.  Di!.  Cc.  Result  Remarks 


L.    D-   .005  gm.  per  kg. 


2.40 

Died 

Died  in  a  few  hours 

2.10 

Died 

Died  in  a  few  hours 

2.50 

Died 

Dead  in  1  week 

1.80 

Lived 

Lived   two  weeks 
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Table  V 

TOXICITY    OP    MERCURIC    CHLORIDE   ADMINISTERED    INTRAVENOUSLY    TO    GUINEA    PIGS 

Weight  Dose  in  gra.  Dose  in 

No.    in  gm.         per  kg.  Dil.  Cc.  Result  Remarks 

Died  Died   during  night 

Died  Died  during  night 

Died  Died  during  night 

Died  Died  during  night 

Died  Died   during  night 

Died  Died  within  2  days 

Died  Died  3  days  later 

Died  Died  2  days  later 

Lived  Oliservcd  for  1  w""k. 

Died  Died    in    i    days 

Died  Died    in   3   days 

Lived  Observed  for  1  w'k. 

Lived  Observed  for  1  w'k. 

Lived  Observed  for  1  Vk. 

Lived  Observed  for  1  w'k. 


From  Table  VI  the  advantage  of  the  use  of  either  mercuric 
chloride  or  red  mercuric  iodide  over  the  use  of  phenol,  by  com- 
parison of  toxicity  and  germicidal  efficiency,  can  be  readily  seen. 
The  figures  in  parentheses  indicate  the  comparison  between  mer- 
curic chloride  and  mercuric  iodide  alone,  using  the  figures  ob- 
tained for  mercuric  chloride  as  unity.  These  figures  show  that 
although  rod  mercuric  iodide  in  potassium  iodide  when  qiven  in- 


TOXICITV  TOXICITY 

INTRAVENOUSLY  INTRAVENOUSLY 

TO  GUINEA  PIGS  TO  DOGS 


1    453 

.008 

:200 

2    493 

.007 

3    495 

.006 

4    678 

.005 

5    446 

.004 

:-100 

6    451 

.003 

7    286 

.0023 

8    252 

.0023 

9    286 

.0020 

llOOO 

0    3C0 

.0020 

1    358 

.0020 

2    327 

.0015 

3    368 

.0015 

4    395 

.0015 

5    318 

.0010 

M.  L.  D.  is  .0020 

gm.  per  kg. 

Phenol  11  no  data 

Mercuric  chloride  1000(1)  100(1)  .006  gm.  per  kg.  (1) 

Mercuric   iodide   in   KI  3000   (3)  66%  (%)  .004  gm.  per  kg.    (114) 

travenously  is  very  little  if  any  more  toxic  (in  the  case  of  guinea 
pigs  it  is  less  toxic)  than  mercuric  chloride,  yet  its  germicidal 
efficiency  is  five  times  as  great  as  that  of  mercuric  chloride.  It 
should  consequently  be  greatly  preferred  to  tlie  liiihlorido  if  only 
because  of  its  greater  efficiency. 

Another  factor  which  is  worthy  of  serious  consideration  is 
that  in  all  the  intravenous  injections  into  animals  of  mercuric 
iodide  (some  of  the  injections  being  made  rapidly)  not  one  of  the 
animals  died  suddenly  following  tiic  injection.  This  would  indi- 
cate that  a  solution  of  red  mercuric  iodide  in  ])i)tassium  iodide  has 
no  very  strong  tendency  to  coagulate  any  of  the  constituents  of 
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the  blood  when  introduced  directly  into  the  blood  stream  and 
thereby  cause  sudden  death  from  embolism.  On  the  other  hand 
according  to  our  observations,  solutions  of  mercuric  chloride  have 
several  times  produced  sudden  death  when  administered  in- 
travenously to  animals,  indicating  that  an  embolus  is  often 
formed.  This  is  very  apt  to  happen  if  the  injection  is  made 
rapidly. 

Solutions  of  mercuric  iodide  like  those  of  most  mercury  salts 
cause  marked  local  irritation  when  administered  subcutaneously 
or  intramuscularly,  so  that  the  iodide  will  probably  never  become 
very  popular  for  such  methods  of  administration. 

However,  with  the  increase  of  our  use  of  intravenous  therapy 
because  of  advantages  which  it  possesses  in  many  instances  and 
particularly  because  the  most  successful  method  of  combating  a 
severe  systemic  disease  such  as  syphilis  is  by  intravenous  injection 
of  such  agents  as  salvarsan,  etc.,  in  solution,  it  seemed  advisable 
to  contribute  the  above  tables  of  data  to  our  knowledge  of  the 
pharmacologic  action  of  such  an  important  germicide  as  red  mer- 
curic iodide. 

It  is  not  the  object  of  this  paper  to  assure  physicians  of  the 
safety  of  the  intravenous  use  of  this  salt  of  mercury  because  this 
can  not  be  assumed  from  animal  experimentation  alone.  It  is 
intended  merely  to  point  out  certain  therapeutic  possibilities  as 
indicated  by  animal  tests.  If  these  can  be  substantiated  by  care- 
fully conducted  clinical  tests,  as  it  is  hoped  they  can  be,  the  pur- 
pose of  the  article  will  have  been  attained. 

SUMMARY. 

Red  mercuric  iodide  in  combination  with  an  equal  amount  of 
potassium  iodide  can  be  injected  in  solution  into  animals  in- 
travenously with  comparative  safety  if  reasonable  care  is  exer- 
cised in  the  manner  of  injection  and  in  the  size  of  the  dose 
injected. 

It  is  very  little  if  any  more  toxic  than  mercuric  chloride,  safer 
for  intravenous  use,  and  because  of  its  greater  germicidal  effi- 
ciency should  be  found  to  be  of  therapeutic  value. 
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THE    CULTIVATION    OF    MEDICINAL    PLANTS. 

Third  of   a  Series  of  Papers  on   Drug   Plant   Cultivation — |A   Symposium 
in  Which  Some  Well  Kjiown  Growers  Seek  to  Correct  Certain 

Current    Misinformation    Concerning    the    Subject 

Some  Words  with  the  Amateur  Agriculturist. 

By  Oliver  Atkins  Farwell. 

Now  that  we  have  entered  the  European  war,  the  attention  of 
the  nation  is  strongly  directed  to  the  intensive  and  extensive  pro- 
duction on  a  large  scale  of  all  the  necessaries  of  life  and  of  those 
other  things  essential  to  the  successful  prosecution  of  the  war. 
Under  these  conditions,  it  is  very  natural  that  many  of  those 
connected  in  any  way  with  the  medical  and  allied  sciences  should 
turn  their  attention  to  the  cultivation  of  medicinal  drugs. 

The  impression  has  become  general  that  easy  fortunes  can  be 
made  by  the  cultivation  of  medicinal  plants  in  back  yards  or  on 
an  acre  or  two  of  unused  land.  Let  me  say,  once  and  for  all,  that 
this  cannot  be  done. 

A    KNOWLEDGE    OF    AGRICULTURE    IS    REQUIRED. 

The  inexperienced  person  cannot  hope  to  grow  drug  plants 
successfully.  He  will  make  a  failure  of  it.  He  cannot  cultivate, 
side  by  side,  drug  plants  that  are  natives  of  the  tropics,  the  tem- 
perate zones,  and  the  colder  regions  of  high  altitudes.  Some 
species  cannot  be  grown  anywhere  in  this  country.  He  cannot 
cultivate  drug  plants  in  soils  which  are  not  conducive  to  large 
yields  of  their  respective  constituents  and  expect  to  market  them ; 
therefore,  he  must  have  some  knowledge  of  plant  constituents 
so  that  he  may  know  whether  his  land  will  produce  in  the  plant 
cultivated  those  peculiar  properties  which  make  it  valuable  as  a 
therapeutic  agent.  Some  species  require  but  little  gardening 
knowledge  and  may  be  grown  as  readily  as  wheat,  turnips,  and 
other  ordinary  garden  crops,  while  others  require  the  skill  and 
practical  knowledge  of  an  experienced  agriculturist.    As  the  time 
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of  gathering  and  the  method  of  handHng  are  prime  factors  in  the 
production  of  first-class  commercial  drugs  he  must  know  tifhen 
to  gather  and  hozt.'  to  dry  them.  Di'iTerent  parts  are  gathered  at 
different  seasons,  and  the  harvested  drug,  bark,  leaves,  and  roots 
should  be  dried  as  quickly  as  possible  without  sweating,  usually 
in  some  open  room  or  in  some  spot  where  there  is  a  free  circula- 
tion of  air. 

Market  conditions  encountered  by  the  drug  plant  grower  in 
disposing  of  his  crops  are  peculiar,  require  careful  study,  and 
should  be  considered  by  the  amateur.  It  has  been  said  that  there 
are  not  more  than  3,000  plants  that  have  been  used  at  one  time 
or  another  the  world  over  as  therapeutic  agents.  In  this  country 
probably  about  500  species  are  used  by  manufacturing  pharma- 
cists, and  the  yearly  consumption  of  each  may  range  from  a  few 
pounds  of  some  little  used  species  to  2,000.000  pounds  or  more 
of  cascara  sagrada.  Nearly  all  of  these  drugs  grow  profusely  in 
a  wild  state  and  in  sections  where  labor  is  cheap  and  the  cost  of 
gathering  is  at  a  minimum.  The  market  value  of  such  drugs  is 
so  low  that  their  cultivation  for  commercial  profit  at  the  present 
time  is  entirely  out  of  the  question.  Others  are  cultivated  in 
Europe  and  Asia,  where  women  and  children  constitute  the  prin- 
cipal part  of  the  labor  and  work  for  little  or  nothing,  thus  render- 
ing the  cost  of  the  imported  article  so  low  that  cultivators  of  the 
same  drug  in  this  country  are  unable  to  find  a  profitable  market 
for  their  product. 

Under  normal  conditions,  digitalis,  wliich  was  foniuMly  wi<loly 
cultivated  in  luirope,  could  be  imported  more  cheaply  than  the 
wild-grown  drug  of  the  Pacific  coast  States  could  lie  gathered. 
The  outlet  for  most  medicinal  plants  is  limited,  and  unless  the 
movement  for  cultivation  is  intelligently  directed  from  some 
central  source  the  market  will  soon  be  glutted,  resulting  in  wasted 
eiTorts  and  financial  loss,  principally  to  those  who  could  little 
afford  it.  Before  venturing  on  the  cultivation  of  medicinal  plants 
the  farmer  or  individual  should  first  determine  whether  or  not 
the  land  to  be  cultivated  will  produci-  a  more  valuable  crop  of 
some  f)ther  staple.  Me  must  determine  iliis  fur  himself.  Many 
drug  plants  recjuire  a  large  amount  of  hand  labor,  which  will  make 
the  cost  of  production  liigli,  and  to  this  cost  must  be  added  that 
of  packing  and  lraiisporl;ition. 
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The  demand  for  crude  drugs,  as  compared  with  that  for  other 
crops,  is  very  light;  two  facts  are,  therefore,  brought  prominently 
into  view  if  the  cultivation  is  to  be  tinancially  successful,  viz. : 
Cultivators  must  be  few  and  intelligently  directed ;  and  the  culti- 
vation of  only  a  few  plants  with  high  market  values  will  insure 
a  profitable  return. 

I  would  suggest  the  following  species  as  those  that  will  bring 
sufficient  returns  to  repay  the  investment  in  time  and  money  spent 
on  their  cultivation.  The  seed  probably  can  be  obtained  from  the 
leading  seedmen  and  nurserymen  of  the  country. 

BELLADONNA. 

This  drug  is  derived  from  the  solanaceous  plant  Atropa  Bella- 
donna Linn.  It  is  a  native  of  Europe,  and  is  one  of  a  group  of 
mydriatic  plants  of  the  potato  family  (Solanacese).  Atropine,  the 
active  principle,  is  found  in  all  parts  of  the  plant,  so  all  parts 
should  find  a  ready  market.  It  is  a  herbaceous  plant,  two  or  three 
feet  high,  and  with  an  equal  spread  of  foliage.  The  flowers  are 
cylindrical  and  of  a  purplish  color,  the  berry  is  nearly  globular, 
one-half  inch  or  so  in  diameter,  deep-violet,  sweetish,  and  very 
poisonous.  It  withstands  the  cold  winter  climate  of  States  as  far 
north  as  Michigan  very  well,  and  probably  can  be  grown  success- 
fully wherever  potatoes  are  grown. 

It  may  be  self-sown,  but  spreading  in  this  manner  is  not  usual. 
The  seed  may  be  sown  or  drilled  in  the  usual  way  in  rows  three 
feet  apart,  using  from  two  to  three  pounds  of  seed  to  the  acre. 
Fall  sowing  is  best,  but  spring  sowing  may  also  be  made,  and,  as 
many  of  the  seeds  remain  dormant  or  are  winter  killed,  it  will  be 
necessary  to  sow  seed  in  boxes  during  the  winter  under  glass  to 
produce  a  reserve  of  plants  to  fill  in  the  gaps  due  to  these  losses. 
If  seed  is  sown  in  the  field  in  the  autumn  or  spring,  a  top  dressing 
of  manure  will  be  beneficial  in  protecting  the  young  seedlings 
from  injury  through  sudden  and  pronounced  changes  of  tempera- 
ture or  frosts.  In  my  experience  the  method  of  sowing  seed  in 
the  field  has  not  proved  satisfactory,  and  I  would  recommend  the 
method  of  germinating  seed  under  glass  during  the  winter  and 
transplanting  in  the  spring.  An  ounce  of  seed  if  properly  handled 
should  produce  enough  plants  to  cover  an  acre  of  gfround.  It 
should  be  sown  in  pots  or  boxes,  under  glass,  in  midwinter,  and 
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when  the  seedhngs  are  sufficiently  large,  transplanted  to  single 
pots  or  to  boxes  and  placed  about  two  inches  apart,  much  as 
tomatoes,  cabbages,  etc.,  are  handled.  These  plants  should  be 
transferred  to  the  field  in  May  while  the  ground  is  still  moist  and 
soft  from  the  spring  rains,  the  young  plants  being  placed  about 
eighteen  inches  from  each  other  in  rows  three  feet  apart.  But  at 
the  close  of  the  first  year  every  other  plant  should  be  taken  up  in 
order  to  provide  ample  space  for  the  larger  and  stronger  plants 


Harvotmu  UclUduium. 
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of  following  years.    The  roots  thus  taken  u])  can  be  trans|)lanti'<l. 
ihus  doubling  the  size  of  the  field  that  can  be  marketed. 

The  crop  of  leaves  for  the  first  year  will  be  light  and  may  be 
harvested  in  September  by  breaking  off  the  tops  ni  the  plants. 
Two  crops  can  generally  be  gathered  in  subse(|uent  yc;us.  the  lirsi 
in  June,  during  the  flowering  season,  and  the  second  in  Si|iicni- 
her  or  October,  just  before  the  leaves  begin  lo  fade,     .stt'ins  may 


be  harvested  at  the  close  of  the  year  and  marketed  for  the  pro- 
duction of  the  alkaloid,  atropine.  At  the  close  of  the  fourth  year 
the  roots  may  be  harvested,  as  the  plants  are  not  liable  to  yield 
either  stems  or  leaves  of  much  value  after  that  time. 

The  harvested  leaves  and  roots  should  be  kept  in  a  shady  spot 
while  being  dried,  or  in  some  cool,  dry  room,  with  ample  circula- 
tion of  air.  Roots  should  be  spHt  or  sliced  to,  facilitate  the 
process.  They  should  be  dried  quickly  and  should  not  be  per- 
mitted to  "sweat,"  as  that  renders  them  useless.  The  leaves  will 
lose  about  four-fifths  of  their  weight  and  the  roots  about  two- 
thirds.  An  acre  should  produce  one  ton  or  a  little  more  of  dry 
leaves  in  the  second  and  succeeding  years. 

HENBANE. 

This  plant,  the  Hyoscyamus  niger  Linn.,  belongs  to  the  same 
group  of  plants  as  belladonna,  and  its  active  principle  is  very 
similar  to,  if  not  identical  with,  atropine.  Like  belladonna,  it  is  a 
native  of  Europe.  It  is  a  biennial,  however,  instead  of  a  perennial 
and  this  necessitates  its  collection  but  once  in  two  vears.  The 
leaves  and  flowering  tops  are  the  only  parts  used,  and  these  lose 
four-fifths  their  weight  in  drying.  The  cultivation  is  much  the 
same  as  that  of  belladonna.  As  the  plants  are  much  smaller  than 
belladonna  they  can  be  set  two  feet  apart  each  way.  The  time 
for  gathering  is  from  June  to  August. 

Belladonna  may  be  attacked  by  insects,  but,  as  a  rule,  it  is  not 
disturbed.  On  the  other  hand,  henbane  is  attacked  as  ravenously 
as  is  the  potato.  Since  the  leaves  are  the  part  used  for  medicinal 
purposes,  the  use  of  arsenical  insecticides  to  destroy  the  beetles 
and  their  larvje  is  impossible,  and  dusting  with  lime  or  the  use  of 
some  non-poisonous  emulsion,  or  hand-picking  of  eggs,  larvae, 
etc.,  are  the  only  methods  available. 

DIGITALIS  OR  FOXGLOVE. 

Foxglove,  Digitalis  purpurea  Linn.,  is,  like  the  foregoing,  a 
native  of  Europe.  The  leaf  is  the  part  used,  and  the  activity  lies 
in  the  non-nitrogenized  neutral  principle  digitalin,  which  is  a  pow- 
erful heart  sedative.  The  plant  prefers  a  siliceous  soil,  but  will 
do  well  on  a  calcareous  one.  It  is  usually  a  biennial  and  the  leaves 
are  hand-picked  from  the  flowering  plant  during  the  summer  of 


the  second  year.  The  seed  is  very  small  and  should  be  thoroughly 
mixed  with  fine  sand  to  insure  its  even  distribution  when  sown. 
Its  germination  is  very  uncertain,  and  it  should  be  but  thinly 
covered  with  soil.  Two  pounds  of  seed  should  be  sufficient  to 
sow  an  acre.  Its  cultivation  is  similar  to  that  of  an  ordinary 
garden  plant  and  it  does  well  in  partial  shade,  but  prefers  a  mod- 
erate amount  of  sun.  An  acre  should  produce  from  one-fourth 
to  one-half  a  ton  of  dried  leaves. 

HYDRASTIS  OK  GOLDEN   SEAL. 

Golden  seal,  Hydrastis  Canadensis  Linn.,  is  a  native  of  eastern 
North  America.  The  great  demand  for  the  drug  for  manufac- 
turing purposes  has  practically  exterminated  the  wild  plant  and 
cultivation  is  extremely  difficult  because  of  the  difficulty  in  germi- 
nating the  seed  and  of  producing  conditions  similar  to  those  of  its 
native  habitat.  It  grows  naturally  in  wet,  rich  woods,  where  it  is 
not  subject  to  the  influences  of  the  hot  sun,  dry  winds,  or  exces- 
sive rainfall.  These  conditions  may  be  approximated  by  making 
the  beds  in  orchards  or  otlier  places  where  the  shade  of  trees  will 
cover  them  during  the  hottest  parts  of  the  day.  The  beds  should 
be  prepared  with  plenty  of  leaf  or  peat  mold,  so  as  to  imitate 
natural  soil  conditions,  and  should  be  remulched  every  year.  They 
should  be  kept  moist  and  sufficiently  well  drained  as  to  prevent 
waterlogging.  If  there  is  no  natural  shade  to  cover  the  beds, 
artificial  shade  can  be  produced  by  a  frame  of  latticework  built 
over  them.  Seed  can  be  germinated  if  sown  in  fine  potting  soil 
or  leaf  mold  and  covered  slightly.  The  best  way  is  to  get  the 
fresh  rhizome  and  divide  it  into  as  many  sections  as  it  has  buds, 
planting  a  section  every  six  inches  in  rows  one  foot  apart.  In 
transplanting,  care  should  be  taken  not  to  tread  on  the  growing 
rows  or  beds.  The  rhizomes  can  be  taken  up  and  divided  each 
spring  (in  April  or  May).  After  three  years,  harvesting  may 
begin ;  the  larger  rhizomes  and  roots  being  set  aside  for  proper 
preparation  for  marketing  and  the  smaller  ones  divided  and  reset. 
It  has  been  claimed  that  an  acre  will  produce  from  1000  to  1500 
pounds  of  dried  roots.  The  stems  and  leaves  also  have  a  market- 
able value.  They  are  usually  collected  after  the  fruit  matures  and 
just  before  they  begin  to  fade. 
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THE  DETERIORATION  OF  DIGITALIS  EXTRACTS. 

By  Herbert  C.  Hamilton. 

(From  the  Research  Laboratory  of   Parke,   Davis   &   Co.,  Detroit     Mich.) 

A  recent  publication  on  this  subject  by  Pittenger  and  Mul- 
ford  Jr.^  is  so  revolutionary  in  character  that  while  it  would 
require  a  rather  long  series  of  experiments  to  cover  the  ground 
fully,  a  preliminary  note  on  the  subject  seems  called  for  because 
these  results  would  lead  one  to  infer  that  the  tincture  is  practi- 
cally worthless. 

It  is  a  well-known  fact  that  digitalis  has  not  yet  been  prepared 
in  any  absolutely  stable  form  adapted  to  clinical  use.  The  reason 
for  this  instability  is  still  a  matter  of  conjecture.  Bourquelet" 
and  Choay''  recognizing  the  presence  of  enzymes  in  the  fresh 
leaves  considered  them  to  be  the  cause  of  the  deterioration,  be- 
cause of  enzyme  action  on  the  glucosides.  The  remedy  suggested 
was  that  of  exposing  the  crude  drug  before  drying  to  the  action 
of  strong  alcohol  vapors  which  killed  the  enzymes,  dehydrated  the 
drug  and  hastened  the  drying  process,  all  of  which  are  undoubt- 
edly valuable  but  also  more  or  less  impracticable  steps.  That  this 
is  not  the  remedy,  however,  is  demonstrated  by  the  deterioration 
of  the  fluidextract,  the  tincture  and  the  extract  which  have  been 
extracted  with  alcohol  strong  enough  to  kill  or  to  precipitate  any 
enzymes  present  in  the  drug. 

Some  experiments  in  this  laboratory  carried  over  a  number  of 
years  indicate  that  the  presence  of  certain  constituents  of 
unknown  character  are  largely  but  not  entirely  responsible  for  the 
observed  instability.  This,  however,  is  reserved  for  publication 
later. 

The  object  of  this  preliminary  note  is  to  call  attention  to  data 
either  already  published  or  accumulated  through  years  of  close 


association  with  the  extraction  and  testing  of  digitalis  and  to  pave 
the  way  for  a  further  pubHcation  of  fresh  data  bearing  directly 
on  the  point  at  issue,  namely,  whether  digitalis  is  really  as  unstable 
as  these  results  would  indicate.  If  it  were  true  that  this  valuable 
agent  is  so  unstable,  in  many  cases  it  would  be  practically  worth- 
less before  it  reaches  the  shelves  of  the  druggist.  This  however 
is  inconceivable  since  clinically  the  tincture  is  considered  as  valu- 
able as  any  of  the  digitalis  preparations. 

Summarizing  the  data  submitted  by  Pittenger  and  Ahilford  Jr., 
their  results  are  shown  in  the  following  table : 

Menstruum     50%  alcohol.     50%  alcohol.  80%  alcohol. 

Character  of  drug Not  defatted.         Fat-free.  Fat-frejp. 

Average  loss  on  5  samples  in  8  months...  47.8%  22.8%  40.7% 

Note:     These  percentages  of  loss  are  based  on  the  original   assay. 

From  this  one  might  conclude  that  a  tincture  is  of  little  value 
unless  made  by  extracting  fat-free  leaves  with  50  per  cent  alcohol, 
since  the  fat-free  tincture  with  80  per  cent  alcohol  is  apparently 
no  more  stable  than  that  with  less  alcohol.  It  seems  improbable, 
however,  that  either  the  higher  percentage  of  alcohol  or  the 
absence  of  fats  is  responsible  for  the  great  loss  in  the  third  series. 

Hale*  found  the  official  fluidextracts,  which  are  not  fat-free, 
to  have  lost  only  an  average  of  6.6  per  cent  in  two  years. 

Roth''  observed  an  average  loss  of  activity  in  7  samples  of 
fat-free  tinctures  of  digitalis  of  14  per  cent  in  6  months.  Of  this 
number  two  showed  no  loss,  while  two  others  suffered  an  excep- 
tionally high  loss. 

Houghton  and  Hamilton"  published  the  results  of  a  series  of 
experiments  on  deterioration  which  was  summarized  as  follows: 

LOSS    OF    POTENCV    OF    DIGITALIS   PREFARATIO.NS    WITH    ACE. 


Av.  No.  H.  T.  U.'s.  Years 

Av.  No. 

.\v.  yearly 

per  cc.  when  mfg.     later. 

II.  T.  V:: 

s.  loss,  %. 

200                     5 

100 

8 

Prep.  Extract 

FI.  Ext.  i;.S.P.  Vto  Rev....  8  72  0  55  4 

Fl.  Ext.  U.S.P.  8th  Rev....  11  55  syi  36  10 

Tincture  U.S.P.  8th  Rev...  8  7  3  6  8 

From  the  results  in  the  above  table  and  some  other  data  not 
included  the  authors  concluded : 

1st.  That  a  maximum  average  loss  of  10  per  cent  a  year  can 
be  expected  in  tinctures  or  fluid  extracts  of  digitalis. 
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2ncl.  Tliat  an  alcoholic  content  of  more  than  50  per  cent  in  the 
extracting  menstruum  not  only  more  completely  extracts  but  also 
more  nearly  preserves  the  activity  of  digitalis. 

This  has  been  demonstrated  so  conclusively  that  the  9th  Re- 
vision of  the  U.  S.  P.  eliminates  the  low  alcoholic  menstruum  and 
some  manufacturers  discarded  it  after  only  a  short  trial. 

It  seems  improbable  therefore  that  tinctures  with  this  low 
alcoholic  content  would  be  uniformly  found  more  stable  than 
when  extracted  with  80  per  cent  alcohol  whether  the  drug  was 
fat-free  or  not.  One  cannot  avoid  the  thought  that  perhaps  each 
of  the  investigators  quoted  obtained  exceptional  results  due  to 
certain  unusual  conditions;  further,  that  no  data  either  good  or 
bad  should  be  accepted  as  representing  the  average  condition  of 
digitalis  after  any  particular  period  of  aging. 

GoodalF  summarizes  some  results  of  his  as  follows : 

"Tincture  of  digitalis  probably  retains  its  full  activity  for  one 
year,  but  after  that  period  deterioration  of  its  potency  to  an  im- 
portant extent  is  likely  to  take  place."  This  sounds  like  a  reason- 
able conclusion,  which,  however,  may  not  be  verified  by  any  single 
set  of  experiments. 

The  following  data  was  obtained  by  my  colleague,  L.  W. 
Rowe,  from  retests  of  six  tinctures  after  an  average  period  of  six 
and  one-half  months.  The  tinctures  were  in  every  case  extracted 
with  70  per  cent  alcohol  and  in  two  cases  fat-free  drug  was  used. 

These  assays  were  carried  out  by  the  M.  L.  D.  Frog-heart 
Method.^ 

SUMM.\RY    OF    ASSAYS   OF   TINCTURE      OF      DIGITALIS. 
(U.    S.    P.    MENSTRUUM.) 

Per  cent  loss.  Age. 

10  8  mo. 

19  T/2  mo. 

35  514  mo. 

19  5  mo. 

0  8  mo. 

43  6  mo. 

Average  loss  on  other  samples — 29  per  cent. 

The  preceding  data  show  very  clearly  that : 

1st.  The  degree  of  deterioration  varies  with  diiTerent  lots. 

2nd.  The  fat-free  tincture  made  with  70  per  cent  alcohol — two 


Drug. 

1st  test.                2nd  test. 

Fat-free 

St'd                        90 

Not  defatted 

110                        90 

Not  defatted 

800                      130 

Not  defatted 

160                      130 

Fat-free 

Sfd                   St'd 

Not  defatted 

liO                      80 

Average  loss  on  6  san 

iples — 21  per  cent. 

Average  loss  on  fat-fi 

-ee  samples — 5  per  cent. 

out   of  six  samples — is  apparently  less  subject   to  deterioration 
than  that  from  the  original  drug. 

3rd.  The  deterioration  of  tincture  of  digitalis  is  not  so  uni- 
formly rapid  as  isolated  experiments  would  indicate. 
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STUDIES    RELATIVE    TO    THE    APPARENT    CLOSE 

RELATIONSHIP  BETWEEN  BACT.  PERTUSSIS 

AND  B.  BRONCHISEPTICUS.* 

I.     CULTURAL  AGGLUTINATION  AND  ABSORPTION  REACTIONS. 

N.  S.  Ferry  and  Arlyle  Noble. 

(Research   Department.   Parke,   Davis   &   Co.,  Detroit,   Michigan.) 

Mallory  and  his  associates  in  1912  and  1913,  while  attempting 
to  prove  the  relationship  of  Bad.  pertussis  to  whooping  cough  by 
animal  inoculations,  found  that  the  problem  was  much  more 
complicated  than  anticipated,  their  interpretations  being  clouded 
by  the  introduction  into  the  question  of  the  Bacillus  hronchi- 
septicus,  as  a  result  of  its  presence  in  some  of  the  animals  used 
for  experimental  purposes. 

During  the  discussion  of  the  paper  by  Mallory  the  observation 
was  made  by  Dr.  J.  L.  Rhea,  that  the  lesions  in  pertussis  in  the 
human  being,  due  to  the  bacterium  of  Bordet,  are  similar  to  the 
lesions  in  the  dog,  which  result  from  an  infection  with  B.  bronclii- 
septicus,  the  cause  of  distemper,  and  that  this  fact  suggested  an 
interesting  relationship  between  the  two  organisms.  Later, 
Mallory  states : 

Further  experimental  work  is  evidently  needed  in  order  to  clear  up  the 
subject.  The  two  (jrganisms  closely  resemble  each  other  morphologically 
and  in  cultures  on  potato  blood  agar,  but  can  be  distinguished  by  their 
difference  in  motility  and  their  alkali  production  in  litmus  milk. 

Soon  after  the  appearance  of  the  work  of  Mallory,  the  writers 
started  some  experimental  work  with  the  two  organisms  in  ques- 
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tion,  to  determine,  if  possible,  just  how  close  was  this  relationship 
which  apparently  existed  between  them. 

At  first  the  experiments  were  undertaken  with  two  strains  of 
Bad.  pertussis  which  had  been  cultured  since  1911,  one  having 
been  furnished  by  the  laboratory  of  Bordet  and  the  other  isolated 
in  our  own  laboratory,  and  three  strains  of  B.  broncliisepticiis 
isolated  by  one  of  us  (N.  S.  F.),  one  from  a  dog  in  1908,  one 
from  a  monkey  in  1912  and  one  from  a  human  subject  in  1913. 
Later  on  these  strains  were  augmented  by  ten  strains  of  Bact. 
pertussis,  furnished  by  Dr.  Olga  R.  Povitzk-j'  of  the  New  York 
Board  of  Health  Laboratory,  through  the  courtesy  of  Dr.  Park, 
and  three  strains  of  Bact.  influenzce,  together  with  one  strain  of  a 
Bact.  perlHssis-Wke.  organism  from  pertussis  sputum,  isolated  in 
our  own  laboratorj'. 

CULTURAL  REACTIONS. 

When  first  isolated,  the  Bact.  pertussis  develops  slowly  and, 
as  a  rule,  preferably  on  special  media,  as  reported  by  Bordet, 
Woolstein  and  others.  After  several  months  of  repeated  trans- 
plantings,  however,  its  ability  to  grow  on  various  media  gradu- 
ally increases  until  it  finally  presents  a  growth  almost  identical 
to,  and  nearly  as  luxuriant  as,  that  of  B.  bronchiscpticus,  and  by 
that  time  can  be  cultured  on  ordinar)'  media. 

It  has  been  found  by  the  writers  that  the  one  great  difference 
between  the  two  organisms  lies  in  their  power  of  locomotion ; 
the  B.  bronchisepticns  is  motile  while  the  Bact.  pertussis  is  non- 
motile,  several  months  of  attempting  to  develop  a  strain  that 
would  give  some  evidence  of  motility  resulting  in  failure. 

While  the  cultural  reactions  have  been  found  practically  iden- 
tical, even  to  the  alkali  production  in  litmus  milk,  contrary  to  the 
report  of  Mallory,  and  the  tan  color  on  potato  is  shared  by  both, 
yet,  with  the  Bact.  pertussis,  these  reactions  are  extremely  tardy 
in  making  their  appearance,  usually  taking  about  two  or  three 
weeks  longer  than  with  the  B.  broncliisepticiis.  At  the  end  of 
this  time,  however,  it  is  practically  impossible  to  differentiate 
between  the  cultures  of  the  two  organisms. 

The  following  outline  will  show  the  characteristics  of  these 
organisms,  in  a  general  way : 


B.BWcn.B.P.,c™ 

e.c..P.„.OBa,s 

Morphology 

Very  small,  slender  rod, 

Small,   slender  rod,  show- 

showing bipolar  stain- 

ing      marked     bipolar 

ing 

staining 

Gram 

Negative 

Negative 

Motility 

Motile 

Non-motile 

Agar  slant 

Translucent,         filiform 
growth 

Translucent,           filiform 

growth 

Bouillon 

Cloudy.       Older  growth 
with     heavy,     stringy 

Cloudy.        Older    growth 

with      heavy,      stringy 

sediment 

sediment 

Potato 

Tan.            Light    tan    in 

Tan.        Light   yellow   in 

twenty-four    hours   to 

twenty-four     hours    to 

dark     tan     in     three 

tan  in  3-5  weeks;  me- 

weeks; medium  becom- 

dium tanned. 

ing  tanned 

Litmus  milk 

Alkaline.     Slightly  blue 
at  the  surface  in  forty- 

Alkaline.        In    about    6 

days    the   litmus    milk 

eight     hours.         This 

begins  to   decolorize  at 

color   proceeds   down- 

the dark  bottom  of  the 

ward,    becoming    very 

tube,   becomes   slightly 

dark  greenish  blue   in 

blue  in  upper  portion  in 

about  seven  days,  while 

four  weeks,  and  in  from 

the  lower  part  decolor- 

eight to  ten  weeks   can 

izes 

scarcely       be       distin- 
guished  from   B.   bron- 
chisepticus. 

Litmus-lactose  agar 

Alkaline         (forty-eight 
hours) 

Alkaline  (four  to  six  days) 

Glucose  agar 

No  gas 

No  gas 

Gelatin 

Not  liquefied 

Not  liquefied 

Indol 

Negative 

Negative 

Nitrites  in  nitrate  broth . . 

Negative 

Negative 

AGGLUTINATION    REACTIONS. 

The  agglutination  reactions  of  these  two  organisms  have  pre- 
sented some  very  interesting  and  rather  novel  phenomena  which, 
to  the  writers,  suggest  at  least  a  distant  relationship  between 
them. 

In  the  early  part  of  this  year' Povitzky  and  Worth  reported 
the  results  of  some  agglutination  experiments  with  these  organ- 
isms, using  a  Bact.  pertussis  antiserum  only,  and  concluded  that, 

B.  pertussis  strains  can  be  specifically  identified  from  hemoglobinophilic 
bacilli,  pertussis-like  bacilli  and  B.  brouchiscpticiis.  In  no  instance  was 
there  cross  agglutination  between  these  organisms — at  least  not  higher 
than  1 :40. 


Our  work  has  corroborated  that  of  the  authors  so  far  as  they 
have  gone.  Table  1  gives  the  results  of  agglutination  between 
antipertussis  serum  and  suspensions  of  Bact.  pertussis,  a  per- 


Agglutination  /agte  between  antipertussis  serum  and  heterologous  suspensions. 

Restilts  August  SI,  1916.     Serum  from  rabbit  7,  treated  with  Bact. 

pertussis  no.  OSG.i  (Bordet) 


Bact.  pertussis 

B.  bronchisepticus 

Pertus- 
sislike 
bacteria 

Bact.  influenzae 

§1 

si 

1 

s 

Z 

^ 

I 

1-10 

1-20 

1-40 

1-80 

1-200 

1-400 

1-800 

1-1000 

1-2000 

1  .■i200 

1  6400 

1-iooon 

1-20000 
1-40000 
Control 

+ 

+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  + 
+ 

+ 

+  + 
++-1- 
+  +  + 
+  +  + 
-I-  +  + 
+  +  + 
+  +  + 
+  +  + 
+  + 
+ 

- 

~ 

+ 

- 

\ 

+ 

This  table  and  the  following  one  illustrate  the  presence  of  pro-  aggliitinoids 
in  Bact.  pertussis  and  B.  bronchisepticus  antiserum  making  it  necessary  to  tost  all 
normal  and  immune  sera  in  dilutions  higher  than  I -80. 


tussis-likc  bacillus,  />.  hi(>iuliiscf>liiits.  and  thrii,'  heiiioglobinophilic 
bacilli.  But  on  using  a  />.  broncliiscpticits  antiserum,  the  results 
are  entirely  different,  as  the  Bact.  pertussis  suspensions  agglu- 
tinate nearly  as  well  as  the  homologous  suspension,  the  B.  bron- 
chisepticus. The  results  of  such  a  test  are  given  in  table  3,  where 
agglutination  tests  were  made  with  suspensions  of  fourteen 
strains  of  Bact.  pertussis  and  a  homologous  suspension  of  B. 
bronchisepticus  against   aiitilirotuhiscpticiis  serum.     And   liiially. 


table  3  is  a  summary  of  all  the  homologous  and  cross  agglutina- 
tion tests. 

The  results  therefore  show  that  the  B.  hroncliisepticits  anti- 
serum will  agglutinate  both  the  B.  bronchisepticus  and  Bad. 
pertussis  antigens,  while  the  Bad.  pertussis  antiserum  will 
agglutinate  only  its  homologous  antigen,  the  Bact.  pertussis.  This 
reaction  was  characteristic  of  every  strain  of  Bad.  pertussis  and 
B.  bronchisepticus  under  observation. 

Whether  this  shows  a  true  relationship  between  the  two  or- 
ganisms, and  can  be  called  a  specific  reaction,  is  a  question. 

Preparation  of  the  antigens  for  the  production  of  the  antisera.  B. 
bronchisepticus  was  grown  on  plain  agar,  Bact.  pertussis  No.  0363  (Bordet) 
and  0590  (Ferry)  on  ascitic  agar,  and  the  New  York  strains  of  Bact. 
pertussis  and  the  heraoglobinophilic  bacilli  on  whole-blood  (rabbit)  agar. 
Twent\--four-hour  growths  were  washed  off  in  0.2  per  cent  trikresol  in 
physiologic  salt  solution — 1  cc.  to  a  culture  of  Bact.  infiuenscB,  2.S  cc. 
to  a  culture  of  Bact.  pertussis  and  S  cc.  to  a  culture  of  B.  bronchisepticus. 
The  suspensions  were  thoroughly  shaken  in  a  mechanical  shaker  and, 
after  two  days,  tested  for  sterility. 

Production  of  antisera.  Before  being  treated,  the  serum  of  each  rabbit 
was  tested  for  agglutinins  against  all  of  the  organisms  under  discussion. 
Any  animal  showing  an  agglutination  higher  than  1-20  against  B.  bronchi- 
septicus antigen  or  1-40  against  any  of  the  other  organisms,  was  not  used. 
The  rabbits  were  given  three  intravenous  injections  of  increasing  doses 
from  O.S  cc.  to  2  cc.  three  days  apart  and  were  bled  on  the  fourth  day 
after  the  last  dose ;  0.2  per  cent  trikresol  was  added  to  the  serum  to  insure 
sterility. 

Preparation  of  suspensions  for  agglutination  tests.  The  suspensions 
were  prepared  in  general,  as  follows : 

Each  culture  was  transplanted  daily  for  from  three  days  to  three  weeks 
— depending  upon  the  organism — on  media  best  suited  to  it,  to  insure  a 
good  vigorous  growth.  Then  twenty-four-hour  cultures  of  these  were 
planted  on  plain  agar  in  quart  whiskey  flasks — except  in  the  case  of  Bact. 
infJuenccr,  for  which  whole-blood  agar  was  used.  It  has  been  found 
advantageous  to  use  agar  in  whiskey  flasks,  as  this  method  not  only  gives 
a  larger  amount  of  suspension  for  less  labor,  but  it  also  gives  a  far 
heavier  and  healthier  growth  than  when  tubes  are  used,  probably  because 
of  the  greater  supply  of  media,  moisture  and  air.  An  abundant  growth 
of  Bact.  pertussis  can  be  obtained  on  plain  agar  in  flasks  when  it  will 
grow  only  slightly  or  not  at  all  on  plain  agar  in  tubes.  And  a  young, 
vigorous  growth  is  necessary  to  the  production  of  homogeneous  suspen- 
sions. Also  in  using  agar  without  either  ascitic  fluid  or  blood,  all  possi- 
bility of  clumping  from  this  source  is  avoided.  In  the  case  of  the  influenza 
bacillus   it   is   necessary  to   use  blood   agar   to   obtain  any   growth.     Just 
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enough  whole  blood  is  added  to  agar  to  insure  growth  and  it  is  used 
before  any  hemolysis  takes  place,  in  order  that  the  suspension  may  contain 
as  little  blood  as  possible. 

The  flasks  were  incubated  for  from  eighteen  to  twenty- four  liours  and 
the  growth  washed  off  with  0.5  per  cent  formalin  in  physiologic  salt 
solution.  The  suspensions  were  then  shaken  for  a  few  hours,  and  later, 
after  being  tested  for  sterility,  were  filtered  through  paper  and  stand- 
ardized to  about  2000  million  per  cubic  centimeter. 

With  this  techniciue.  homogeneous  suspensions  of  all  the  organisms 
used  were  produced. 

Agglutination  tests.  In  carrying  out  the  tests,  the  serum  was  diluted 
with  physiologic  salt  solution  and  each  tube  contained  05  cc.  suspension 
plus  0.5  cc.  diluted  serum.  The  tests  were  all  macroscopic  and  were  incubated 
at  iyC.  for  twenty-four  hours.  (-| — f-+)  represents  complete  agglutina- 
tion with  fluid  clear;  (-|- -}-)  partial  agglutination  with  marked  clumping, 
but  fluid  not  entirely  cleared  up;  (-f)  slight  agglutination,  but  still  with 
positive  clumping;  and  ( — )  no  clumping,  no  clearing. 

Specially  graduated  1  cc.  pipettes  were  used  for  making  the  serum 
dilutions  and  a  different  pipette  was  used  for  each  dilution.  All  glassware 
used  in  connection  with  the  tests  was  clean  and  sterile. 


AGGLUTINWTIOX    REACTIONS    WITH    SKKUM    FKOM    DISTEMPER 
K.MiRITS   AND    IKK  IS. 

In  testing  apparently  normal  raljbits  for  agglutinins,  before 
beginning  inoculation  for  the  production  of  antisera,  we  found 
that  if  a  serum  agglutinated  B.  bronch'iscpticus  in  a  dilution 
higher  than  1-20,  it  also  agglutinated  Bad.  pertussis  and  gener- 
ally in  higher  dilutions.  In  one  instance  when  there  was  no  ag- 
glutination against  B.  bronchisepticus,  the  serum  agglutinated 
Bact.  pertussis  in  a  dilution  of  1-400  (rabbit  E)   (see  table  4). 

A  few  of  these  rabbits  subsequently  developed  symptoms  of 
distemper ;  the  others  may  have  recovered  from  an  attack. 

Sera  from  only  two  distemper  dogs  have  been  tested,  but, 
with  these,  similar  results  were  obtained.  As  in  rabbits,  agglu- 
tinins for  Bact.  pertussis  were  manifest  in  higher  dilutions  than 
for  B.  bronchisepticus.  These  dogs  exhibited  typical  symptoms 
of  distemper  and  were  in  the  later  stages  of  the  disease. 

Dog  1  agglutinated  B.  bronchisepticus  No.  3G  (dog)  at  1-20; 
and  Bact.  pertussis  No.  ^yMV.^  (Bordet),  1-100,  and  No.  f)."?.  1-1000. 
Dog  2  agglutinated  B.  bronchisepticus  No.  ."^6  (dog)  at  1-80; 
and  Bact.  pertussis  No.  o;{()3,  1-1000,  and  No.  93,  1-1000. 
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On  absorption  with  B.  bronchiscpticiis  the  aggkitinins  for  that 
organism  are  removed,  while  the  aggkitinins  for  Bad.  pertussis 
are  affected  little  or  not  at  all.  On  absorption  with  Bad.  per- 
tussis, the  pertussis  agglutinins  are  removed,  while  those  for  B. 
broncliisepticus  are  unaffected. 

ABSORPTION    REACTIONS. 

Upon  submitting  to  absorption  tests  those  antiserums  which 
were  produced  by  the  injection  of  B.  bronchisepticius  antigen  into 
rabbits,  and  which  were  found  to  agglutinate  both  the  B.  bronchi- 
septicus  and  Bact.  pertussis  suspensions,  the  following  results 
were  obtained. 

Upon  absorbing  with  B.  broncliisepticus  suspension,  the  ag- 
glutinins for  B.  bronchisepticus  (the  major  agglutinins)  were 
absorbed,  but  the  Bact.  pertussis  agglutinins  (the  minor  agglu- 
tinins) were  still  intact  (table  5),  and  an  absorption  with  Bact. 
pertussis  was  necessary  before  they  were  neutralized.  In  other 
words,  the  B.  bronchisepticus  antigen  stimulated  the  formation 
of  both  B.  bronchisepticus  and  Bact.  pertussis  agglutinins,  but 
contrary  to  what  one  would  expect,  was  not  able  to  absorb  the 
Bact.  pertussis  agglutinins  (the  minor  agglutinins).  It  was  also 
found,  in  the  case  of  dogs  suffering  with  distemper,  that  the 
serum  agglutinated  Bact.  pertussis  antigen  in  higher  dilutions 
than  the  B.  bronchisepticus  antigen.  Absorption  with  B.  bronchi- 
septicus antigen  took  out  only  the  B.  bronchisepticus  agglutinin, 
while  it  was  necessary  to  absorb  with  Bact.  pertussis  antigen 
before  the  Bact.  pertussis  agglutinin  was  neutralized  (see  table  7). 
The  Bact.  pertussis  agglutinins,  therefore,  were  fixed  or  stable, 
as  far  as  the  B.  bronchisepticus  was  concerned,  but  absorbable 
for  the  Bact.  pertussis,  and  this  type  of  an  agglutinin,  which  can 
be  produced  by  one  antigen  to  be  taken  up  or  absorbed  more 
readily  by  another,  has  been  called  by  the  writers,  for  the  lack 
of  a  better  term,  a  transitive  agglutinin. 

The  antisera  were  identical  to  those  used  for  the  agglutina- 
tion tests. 

The  heavy  suspensions  used  for  absorption  were  made  from  twent\-- 
hour  growths  on  plain  agar  in  whiskey  flasks,  suspended  in  .85  per  cent 
salt  solution  to  which  had  been  added  0.5  per  cent  formalin.     About  10  cc. 
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salt  solution  was  used  to  a  flask  for  B.  bronchiscpticus  and  4  cc.  for  Bad. 
pertussis.  The  suspensions  were  shaken  over  night  in  a  mechanical  shaker 
and  then  strained  through  mull.  Each  strain  had  been  transplanted  daily 
for  several  days  before  using  so  that  very  heavy  growths  were  obtained. 

Absorption   tests.     Equal  parts   of  heavy  suspension  and  serum   were 
mixed ;   incubated   at  37°    C. ;   then   centrifugalized   and   the   supernatant 

TABLE  5 

Serum  from  rabbit  1,  treated  vxith  B.  bronchisepticus  absorbed  (l-^fO)  with 

B.   bronchisepticus 


.OO..T.K.T.OM 

0„..T,ON. 

Before  absorption 

After  absorption 

B.  broDchiBepticus 
No.  36 

Bact.  pertussis 
No.  0590 

B.  bronchisepticus 
No.  36 

Bact.  pertuBsia 
N'o.  0590 

1-80 

+  +  + 

+  +  + 

+  + 

+  +  + 

1-200 

+  +  + 

+  +  + 

- 

+  +  + 

I^IOl) 

+  +  + 

+  +  + 

— 

+  +  + 

1-8G0 

+  +  + 

+  + 

- 

+  + 

1-1600 

+  +  + 

- 

- 

1-2000 

+  +  + 

- 

- 

- 

1-3200 

+  + 

— 

— 

— 

1-6400 

+ 

- 

- 

- 

1-10000 

- 

- 

- 

- 

Control 

- 

- 

- 

- 

fluid  tested  for  agglutinins.  The  time  of  incubation,  the  number  of 
absorptions  and  the  dilution  of  the  serum  were  varied  in  a  number  of 
ways.  For  example,  we  found  that  when  either  antipertussis  or  anti- 
bronchisepticus  serum  was  diluted  to  1-40,  we  obtained  a  more  nearly 
complete  absorption  than  when  diluted  1-10,  which  may  be  due  to  the  fact 
that  complete  agglutination  does  not  occur  in  the  lower  dilutions  with 
either  of  the  organisms,  especially  with  Bact.  pertussis.  And  in  the 
absorption  tests,  it  was  noted  that  clumping  and  clearing  were  not  so 
complete  at  1-10  or  1-20  as  at  1-40. 

Again,  serum  from  rabbit  5,  treated  with  B.  bronchisepticus  (Human), 
was  absorbed  as  many  as  four  times,  the  dilutions  being  from  1-5  to 
\-40  and  the  tests  being  shaken  in  a  mechanical  shaker  before  each  incuba- 
tion, with  no  effect  on  the  agglutinins  for  Bact.  pertussis. 

It  was  found  that  when  antibronchisepticus  serum  was  absorbed  with 
B.  bronchisepticus  sufficiently  to  remove  the  agglutinins  for  B.  bronchi- 
septicus the  agglutinins  for  Bact.  pertussis  were  still  unaffected.  This 
could  be  done  by  an  absorption  at  1^0,  incubated  24  hours.  Table  5  gives 
the  results  of  such  an  experiment. 

But  it  required  repeated  absorption  with  B.  bronchisepticus 


before  any  marked  effect  was  produced  in  the  pertussis  agglu- 
tinins, and  this  happened  only  with  the  dog  strain. 

Finally,  the  following  method  was  used  with  the  six  antibron- 
chisepticus  sera.  The  results  of  these  experiments  are  given  in 
table  G. 

TABLE  6 
AbsorpLion  tests  vnth  B.  bronchisepticus  and  Bad.  pertussis  antisera 


ATTER    AB80RPTI0N 

B. 

bronchi- 
septicus 

Bact. 
pcrtuBSLi 

Antibronchiaepticus. 

(Original  litre) 

1-6400 

t-'OO 

No.  36  (dog),  rabbit  1  . . 

B.  bronchisepticus  no.  36 

- 

- 

Bact.  pertussis  no.  0590 

1-6400 

1-80 

{Original  litre) 

1-10000 

i-m 

No.  36  (dog),  rabbit  2     .  | 

B.  bronchisepticus  no.  36 

~ 

- 

Bact.  pertussis  no.  0590 

1-10000 

- 

No.  123  (monkey),  rabbit  I 
' 1 

{Origitial  litre) 

B.  bronchisepticus  no.  123 

1-10000 

l-SSOO 
1-2000 

Bact.  pertussis  no.  0590 

I-IOOOO 

1-80 

No.  123  (monkey);  rabbit  J 
' 1 

(Original  litre) 

B.  bronchisepticus  no.  12.T 

1-20000 

l-SiOO 
1-80 

Bact.  pertussis  no.  0590 

1-6400 

- 

[ 

(Original  litre) 

l-6i00 

1-800 

Human,  rabbit  5  ' < 

B.  bronchisepticus  (Human) 

- 

1-800 

I 

Bact.  pertussis  no.  0363 

1-6400 

- 

(Original  Hire) 

1-10000 

ISOO 

lliinian,  nil>bit  0 

B.  bronchisepticus  (human) 

- 

1-800 

Bact.  pcrlussus  no.  0.363 

1-10000 

1-80 

.\iitiiiortii3.sirt 

No.  0,590,  rabbit  10 

(Original  Hire) 

t-IO 

I-IOOOO 

Bact.  pertussis  No.  0590 

- 

[ 

B.  bronchisepticus  No.  36 

l-«400 

Kach  serum  was  absorbed  three  times  with  ils  homologous 
antigen — that  is,  serum  from  rabbit  treated  with  />'.  brotichi- 
scfyticiis  (dog)  was  absorbed  willi  the  dot^  strain  -and  with 
pertussis  antigen  as  follows : 

First  absorption,  serum  1-10  incubated  two  hours. 

Second  absorption,  scrum  1-20  incubated  two  hours. 

Third  absorption,  serum   I    K)  in<iil>,ilcd  eighteen  hours. 


TABLE  7 
Absorption  tests  uiith  serum  from  distemper  dogs 


ABSORPTION 

navu 

B. 

bronchi- 
septicus 
no.  36 
(dog) 

Bact.  pertussis 

No.  0363 

No.  93 

Dogl 

Dog  2 

(.Original  titre) 

B.  bronchisepticus  no.  36 

Bact.  pertussis  no.  0363 

{Original  titre) 

B.  bronchisepticus  no.  36 

Bact.  pertussis  no.  0363 

1-m 

1-20 
1-80 
1-80 

1-m 

1-200 

1-1000 
1-800 

1-1000 
1-1000 
1-20 

1-1000 

SUMMARY   AND  DISCUSSION. 

1.  After  repeated  transplantings  Bact.  pertussis  has  been 
found  to  give  the  same  cultural  reactions  as  B.  bronchisepticus — 
the  tan  growth  on  potato  and  the  alkaline  reaction  in  litmus  milk 
being  the  most  prominent  characteristics.  The  difference  in 
motility  and  the  tardiness  in  the  reactions  of  Bact.  pertussis  on 
culture  media  are  differential  characteristics. 

S.  B.  bronchisepticus  antiserum  agglutinates  not  only  B. 
bronchisepticus  (1-6400  to  1-2000),  but  also  Bact.  pertussis 
(1^00  to  1-6400). 

3.  Bact.  pertussis  antiserum  on  the  other  hand  agglutinates 
only  the  pertussis  bacillus. 

4.  There  was  no  cross  agglutination  between  B.  bronchisep- 
ticus and  a  pertussis-like  bacillus  or  three  hemoglobinophilic 
bacilli.  Also,  there  was  no  agglutination  between  Bact.  pertussis 
and  these  organisms. 

5.  Bact.  pertussis  antiserum  of  high  agglutination  titre 
(1-3200  to  1-20,000)  has  been  produced,  in  rabbits,  by  three 
intravenous  inoculations  (three  days  apart)  of  sterile,  unheated 
vaccines  of  fifteen  strains  of  Bact.  pertussis. 

Povitzky  and  Worth,  in  the  article  cited  above,  conclude  that, 

A  strongly  agglutinating  pertussis  serum  was  best  obtained  in  the  rabbit 
by  ten  to  twelve  intraperitoneal  inoculations  of  living  cultures  at  seven- 
day  intervals.  Agglutinins  are  also  produced  by  vaccines,  but  not  as 
abundantly  as  by  living  cultures. 


After  ten  to  twelve  inoculations  of  live  cultures,  their  rabbits 
show  a  titre  of  from  2400  to  5000,  and  one  rabbit  went  to  10,000. 

Over  50  per  cent  (9  out  of  17)  of  our  rabbits  show  a  titre  of 
20,000,  and  only  two  were  as  low  as  3200.  The  one  rabbit  in 
the  tables  of  Povitzky  and  Worth  treated  with  killed  vaccine 
(heated)  shows  a  titre  of  1600  after  the  sixth  inoculation  and  no 
agglutination  after  the  fourth.     They  also  say, 

Two  rabbits,  more  responsive  to  vaccines,  developed,  after  a  few 
inoculations,  a  comparatively  high  agglutination  titre — up  to  1000. 

6.  Sera  from  rabbits  treated  with  Bad.  pertussis  grown  on 
blood  media  developed  marked  agglutinins  for  Bact.  pertussis 
grown  on  plain  agar. 

This  is  contrary  to  Bordet's  statement  that  animals  inoculated 
with  Baet.  pertussis  grown  on  Bordet-Gengou  medium  develop 
agglutinins  for  Bact.  pertussis  grown  on  the  same  media,  not  for 
the  organism  grown  on  plain  agar;  and  is  in  accordance  with 
Povitzky's  and  Worth's  conclusion  that. 

From  our  experience  it  would  seem  that  the  culture  medium  influences 
an  agglutinable  strain  in  so  far  as  it  affects  its  growth  and  best  develop- 
ment, not  in  its  production  of  different  kinds  of  agghitinins. 

Also,  serum  from  a  rabbit  treated  with  Bact.  pertussis  No. 
0363  (Bordet)  grown  on  ascitic  agar  for  the  past  three  years 
agglutinates  all  thirteen  strains  grown  on  blood  media  (with 
only  one  generation,  for  suspensions,  on  plain  agar)  ;  and  sera 
from  rabbits  treated  with  thirteen  strains  grown  on  blood  media 
agglutinate  the  ascitic  agar  strains. 

7.  When  B.  bronchisepticus  antiserum  is  absorbed  with  B. 
bronchisepticu^  sufficiently  to  remove  the  agglutinins  for  B.  bron- 
chisepticus, the  agglutinins  for  Bact.  pertussis  arc  still  unaffected. 
These  unaffected  or  fixed  agglutinins  h;ive  been  called  by  the 
writers,  transitive  agglutinins. 

Upon  repeated  absorption,  agglutinins  for  Had.  pertussis 
have  been  removed  by  the  dog  strain  of  B.  bronchisepticus, 
slightly  reduced  liy  the  monkey  strain  and  affected  not  at  all  by 
the  iiuman  strain. 

It  may  be  that,  by  the  absorption  tests,  grades  of  differences 
are  brought  out  between  B.  bronchisepticus  from  dog,  monkey 
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and  human  which  are  not  shown  in  the  agglutination  tests.     A 
similar  differentiation  is  thought  to  have  been  brought  out  by 
complement  fixation  tests.     (See  article  in  press  by  Ferry  and 
Klix.) 

8.  When  B.  bronchisepticus  antiserum  is  absorbed  with  Bacf. 
pertussis,  agglutinins  for  Bad.  pertussis  are  removed,  but  agglu- 
tinins for  B.  bronchisepticus  are  unaffected. 

9.  When  Bact.  pertussis  antiserum  is  absorbed  with  Bad. 
pertussis,  agglutinins  for  that  organism  are  removed. 

10.  When  Bact.  pertussis  antiserum  is  absorbed  with  B. 
bronchisepticus,  agglutinins  for  Bacf.  pertussis  are  unaffected. 

11.  The  similar  morpholog)^  the  identical  cultural  reactions 
on  differential  media,  the  presence  of  Bact.  pertussis  agglutinins 
in  artificially  produced  antibronchisepticus  serum  and  in  serum 
from  dogs  and  rabbits  suffering  or  recovered  from  distemper,  all 
point  toward  a  close  relationship  between  Bact.  pertussis,  the 
cause  of  whooping  cough,  and  B.  bronchisepticus,  the  cause  of 
distempter. 
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A  METHOD  FOR  DETECTING  SMALL  QUANTITIES  OF 

CHLORETONE  (TRICHLOROTERTIARYBUTYL 

ALCOHOL)  IN  AQUEOUS  SOLUTIONS. 

By  T.  B.  Aldrich. 

(From  the  Research  Laboratory  of   Harke,  Davis  &  Co..  Detroit.) 

The  wide  use  of  chloretone  therapeutically,  especially  at  the 
present  ttme,  as  a  hypnotic,  an  anesthetic,  a  sedative,  etc.,  seems 
to  call  for  the  publication  of  the  following  method  for  its  de- 
tection. 

Part  of  the  work  in  connection  with  the  development  of  this 
method  was  carried  out  several  years  ago,  while  quite  recently 
this  older  work  has  been  repeated  and  the  observations  made  at 
that  time  reconfirmed.  The  efficacy  of  the  method  under  varying 
conditions,  also  its  limitations  to  a  certain  extent,  have  been 
studied. 

The  method  is  based  on  the  volatility  of  chloretone,  one  of  its 
chief  physical  properties,  its  insolubility  in  water,  and  also  on  its 
property  of  crystallizing  in  needles  from  aqueous  solutions  on 
cooling.  All  who  are  familiar  with  chloretone  have  been  im- 
pressed with  its  volatility  in  the  air,  or  with  steam  and  water. 
The  substance  cannot  be  dried  without  losing  in  a  very  short  time 
considerably  in  weight ;  nor  can  it  be  kept  in  an  open  vessel  or 
even  wrapped  in  ordinary  paper  any  length  of  time.  If  kept  in 
a  partly  filled  bottle  or  container,  the  compound  will  be  found 
partly  sublimed  on  the  upper  walls  of  the  vessel  in  the  form  of 
beautiful  needle-shaped  crystals. 

Although  only  qualitative  results  are  claimed  for  the  method, 
still  by  using  duplicate  apparatus,  especially  where  small  amounts 
(1  to  5  mg.)  are  present,  the  amount  may  be  estimated  quite 
closely.  The  entire  apparatus  necessary  consists  of  two  flasks, 
holding  1  liter  and  300  cc,  respectively,  a  condenser,  and  a  steam 
generator.  The  larger  flask  is  used  for  the  steam  distillation, 
while  the  smaller  is  used  for  the  return  flow  condenser.     With 
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this  apparatus,  one  can  detect  very  readily  in  300  to  500  cc.  of 
water  1  to  5  nig.  of  chloretone,  and  with  a  constricted  tube  cooled 
with  air  instead  of  a  condenser,  as  little  as  0.5  mg.  or  less.  In  tny 
earlier  experiments  a  constricted  air-cooled  tube  was  employed, 
while  later  I  employed  a  condenser  exclusively. 

When  a  large  amount  of  chloretone  is  present,  it  may  be  ob- 
served in  the  condenser  during  the  steam  distillatinn  ;  but  where 
only  a  few  mg.  or  a  fraction  of  a  mg.  are  present,  the  use  of  the 
return  (low  condenser  or  tube  is  absolutely  necessary  for  its 
recognition.  Tlic  crystals  of  chloretone  in  the  latter  case  are 
noticed  usually  at  the  lower  cooled  portion  of  the  condenser, 
especially  where  the  steam  crest  is  being  condensed,  or  possibly 
a  few  crystals  may  be  observed,  according  to  quantity  present, 
about  one-third  or  at  the  most  half  way  up  the  condenser.  Where 
a  liquid  is  employed,  it  is  only  necessary  to  pass  steam  through  it ; 
when  a  solid  contains  chloretone  this  should  be  powdered  and 
then  introduced  into  the  steam  distillation  flask  with  the  water. 

Not  only  may  chloretone  be  detected  with  certainty  in  aqueotis 
solution  when  alone,  but  it  may  also  be  recognized  when  mixed 
with  other  bodies  with  which  it  may  be  confused,  or  wliicli  may 
interfere  to  a  certain  extent  with  its  detection. 

In  the  presence  of  volatile  organic  solvents,  as  alcohol,  acetone, 
etc.,  it  is  practically  impossil)le  to  detect  small  amounts  of  chlore- 
tone, since  the  solvent  keeps  ilic  drug  in  soliuiciu  and  prevents 
crystallization.  It  may  W'  (letccicd  with  a  cousiikrablc  degree 
of  certainty,  however,  in  ;i  mixture  of  oil.  prottin.  fat.  salt,  itc, 
which  does  not  contain  the  vnl.itile  solvents  mentioned  alio\e  or 
other  volatile  bodies  witli  wliieli  ii   may  be  eoni'used. 

Chloretone  is  not  apt  tn  be  cunl'useil  with  other  volatile  com- 
pounds of  similar  Use.  liut,  il'  present  In  any  s^re.il  extent,  ni;\y 
be  identified  and  distinguisiied  from  these  bodies  by  further  spe- 
cific tests.  The  analogous  body,  brometone,  although  volatiliz- 
ing, etc.,  similar  to  chloretone,  forms,  when  distilled  in  small 
amounts,  small  crystals  instead  of  needles  as  in  the  case  of  chlore- 
tone. Camphor,  which  also  volatilizes  with  steam,  does  not  give 
needles  as  in  the  case  of  chloretone,  nor  does  il  gi\e  tlu'  llame 
test  with  coi)i)er  oxi<ie. 

Chloral   hydrate  and   ebloreldue   may    i)i'   confused    with    each 
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other,  but  here  the  greater  sokibihty  of  chloral  hydrate  and  the 
comparative  insolubility  of  chloretone  in  water,  together  with  its 
odor,  will  serve  to  differentiate  these  bodies. 

In  the  presence  of  coagulable  protein,  I  have  been  unable  to 
detect  very  small  amounts  of  chloretone,  but  after  digesting  the 
protein  with  pepsin  HCl  (thus  preventing  coagulation)  as  small 
amounts  may  be  detected  as  in  water  alone.* 

Oils  or  fats  do  not  in  general  interfere  with  the  detection  of 
small  amounts  of  chloretone. 

EXPERIMENTAL. 

A.  Detection  of  Chloretone  in  Aqueous  Solution. — 5  gm.  o£  chloretone 
were  dissolved  in  1,000  cc.  of  H2O,  and  portions  of  this  solution  used  for 
the  following  tests : 

(1)  To  1  cc  of  the  chloretone  solution  (5  mg.),  placed  in  a  steam  dis- 
tillation flask,  were  added  about  300  cc.  of  H2O.  It  was  distilled  with 
steam  until  100  cc.  of  the  distillate  had  been  collected. 

This  100  cc.  of  distillate  containing  the  5  mg.  of  chloretone  was  trans- 
ferred to  a  small  flask  and  boiled  for  half  an  hour,  using  a  return  flow 
condenser.  Crystals  of  chloretone  were  noticed  in  considerable  quantity 
in  the  condenser.  From  the  amount  present  in  this  experiment,  it  was 
estimated  that  as  little  as  0.25  mg.  or  even  less  might  be  detected. 

(2)  The  above  was  repeated  but  with  only  0.5  cc.  of  the  chloretone  solu- 
tion (2.5  mg.).    Positive. 

(3)  Repeated  (2).    Positive. 

(4)  Repeated  the  experiment,  using  0.25  cc.  of  the  chloretone  solution 
(1.25  mg.).    Positive,  hut  slight  amount. 

(5)  Repeated  (4).    Positive. 

(6)  Repeated  the  experiment,  using  0.05  cc.  of  the  chloretone  solution 
(0.25  mg.).    Negative. 

B.  Detection  of  Chloretone  When  Dissolved  in  Horse  Scrum. —  (1)  1  cc. 
of  chloretone  solution,  0.5  per  cent  (5  mg.),  was  added  to  250  cc.  of  normal 
horse  serum  and  the  test  carried  out  in  the  usual  way.  Negative.  No 
doubt  the  coagulation  of  the  serum  interfered  with  the  distillation  of  the 
chloretone,  especially  in  this  small  amount. 

(2,  a)  120  cc.  of  serum  containing  5  mg.  of  chloretone  were  digested  at 
il-i^'C.  with  pepsin  hydrochloric  acid  for  4  days.  Positive.  Very 
pronounced. 

(b)  (a)  was  repeated  except  that  only  1  cc.  of  chloretone  solution 
(1  mg.)  was  employed.    Positive.    Slight  trace. 

C.  Detection  of  Chloretone  in  the  Presence  of  Water  and  Oil. —  (1)  2  cc. 
of  chloretone  solution  (10  mg.)  were  placed  in  a  flask,  200  cc.  of  distilled 
water  and  0.5  cc.  of  olive  oil  added  and  distilled  in  the  usual  way.  Positive. 


*In  a  paper  to  be  published  shortly  this   feature  of  digestion  is  used  in  detecting 
chloretone  in  animal  fluids  and  organs. 
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(2)  1  gra.  of  chloretone  dissolved  in  olive  oil  (5  cc.)  was  placed  in  a 
flask,  200  cc.  of  water  were  added,  and  distilled.    Positive. 

D.  Detection  of  Chloretone  When  Mixed  vAth  Various  Sul'stances. — 
The  following  substances  were  placed  in  a  steam  distillation  flask: 

0.5  cc.  propionic  acid. 

O.S    "  butyric  " 

0.2  gm.  stearic  " 

0.2     "  palmitic        " 

1.0     "  de.xtrose. 

0.5     "  dried  hcirsc  serum. 

To  the  above  mixture  1  cc.  of  chloretone  solution  0.5  per  cent  was  added 
(5  mg.)  and  then  150  cc.  of  water.  This  mixture  was  subjected  to  steam 
distillation.    Chloretone  positively  recognised. 

E.  Detection  of  Chloretone  in  Alcoholic  Solution  of  J'arioiis  Strengths. 
— (1)  1  cc.  of  an  aqueous  0,5  per  cent  solution  of  chloretone  (5  mg.)  was 
placed  in  a  flask,  100  cc.  of  10  per  cent  alcohol  were  added,  and  distilled 
with  steam.    Negative. 

(2)  Repeated  (1)  except  that  100  cc.  of  5  per  cent  alcohol  were  used. 
Xegative. 

(3)  Repeated  (H  except  that  100  cc.  of  1  per  cent  alcohul  were  em- 
ployed.   Xegative. 

From  experiments  carried  out  with  organic  solvents  (alcohol)  it  is 
shown  that  chloretone.  especially  in  small  amount.  1  to  5  mg..  cannot  be 
detected  by  this  method  even  in  the  presence  of  a  very  small  amount  of 
alcohol.  As  far  as  investigated,  even  small  amounts  of  volatile  organic 
solvents  dissolve  the  small  amount  of  chloretone  present,  thus  preventing 
its  recognition. 

F.  Detection  of  Chloretone  H'hen  Mi.ied  in  .'Entail  Qiianlilics  zvith  Other 
I'olatile  Compounds. — The  following  products  were  placed  in  a  steam  dis- 
tillation flask,  about  300  cc.  of  water  added  and  distilled  until  about  100  cc. 
of  distillate  had  passed  over. 

(1)  5  mg.  brometone  crystals. 

(2)  1  cc.  chloretone  inhalant. 

(3)  1  gm.  camphor. 

(4)  15  mg.  camphor.  15  mg.  cliloretone. 

(5)  0.2  gm.  chloral  hydrate. 

(6)  15  mg.  chloral  hydrate,  15  mg.  of  chloretone. 

(1)  Did  not  give  typical  needles  as  by  chloretone. 

(2)  Semicrystalline  sublimation  obtained.  Chloretone  may  be  detecte<l 
in  this  product  by  means  of  the  copper-flame  test  (green). 

(3)  Did  not  give  typical  needles  (applied  coi)pcr-flame  test).    Xegative. 
<4)   Did  not  give  typical  needles  (applied  copper-flame  test).     Positive. 

(5)  Did  not  give  typical  crystals— solubility  of  portion  sublimed  in 
water  distin«uished  from  chloretone. 

(6)  Did  not  give  very  pronounced  needles;  however,  some  were  present. 
Was  separated  by  water. 
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The  method  lends  itself  especially  to  the  detection  of  chlore- 

tone  in  toxicological  and  pharmacological  work.     Here  we  have 

the  drug  usually  unassociated  with  bodies  that  would  interfere 

with  its  recognition,  and  a  very  small  amount  may  be  detected. 

SUMMARY. 

Very  small  quantities  of  chloretone  may  be  detected  with  cer- 
tainty in  aqueous  solutions  by  distilling  with  steam  and  boiling 
the  distillate  on  a  reflux  condenser. 

The  method  employed  is  based  on  the  physical  properties  of 
chloretone :  volatility  with  steam,  insolubility  in  water,  property 
of  crystallizing  in  the  form  of  needles. 

Chloretone  may  be  detected  when  accompanied  by  other  sub- 
stances such  as  oils,  fats,  acids,  salts,  etc.  The  organic  solvents, 
however,  prevent  its  recognition. 

In  the  presence  of  substances  which  simulate  chloretone,  spe- 
cific tests  may  be  made  to  differentiate  them. 

The  method  lends  itslf  admirably  to  the  detection  of  the  drug 
in  the  fluids  and  tissues  of  the  body. 
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Although  at  least  four  species  of  bothriocephalid  tapeworms 
have  been  reported  from  the  dog  in  various  parts  of  the  world, 
there  were  no  records  of  the  sort  from  the  United  States  until  re- 
cently. The  first  record  of  which  we  are  aware  is  one  by  Van  Es 
and  Schalk  (1917),  who  report  what  they  call  Dibothriocephalns 
latiis  from  a  dog  at  Agricultural  College,  N.  D.  Their  specific  de- 
termination is  apparently  casual,  being  only  incidental  to  work  on 
anaphylaxis,  and  is  presumably  based  on  the  fact  that  the  worm 
was  a  bothriocephalid  tapeworm  and  that  D.  latns  is  one  of  the 
commonest  and  best-known  of  these  worms  from  the  dog.  We 
wish  to  report  another  case  of  the  occurrence  of  a  bothriocephalid 
tapeworm  in  the  dog  in  this  country. 

Four  specimens  of  a  species  of  bothriocephalid  worm  were 
collected  by  us  from  the  small  intestine  of  an  experiment  dog.  No. 
140,  at  Detroit  on  July  27,  1917.  These  specimens  are  all  small, 
measuring  respectively  7..").  14.5,  16  and  36  mm.  in  length  and 
very  narrow,  the  largest  specimen  being  less  than  2  mm.  wide. 
The  head  of  the  largest  specimen  is  1.64  mm.  long;  that  of  the 
next  largest  is  1.5  mm.  long;  that  of  the  next  largest  is  1.37  mm. 
long;  that  of  the  smallest  is  1.66  mm.  long.  The  width  of  the  head 
is  about  0.4  mm.  in  the  narrow  transverse  diameter  across  the 
bothridial  aperture  and  about  0.7  mm.  in  the  dorsoventral  diam- 
eter from  the  external  margin  of  one  bothridium  to  the  external 
margin  of  the  other.  There  is  no  neck,  the  head  arising  directly 
from  the  anterior  margin  of  the  first  segment.  In  stained  toto 
mounts,   the  primordia  of  the  genitalia   appear  3   to  3.33   mm. 


posterior  of  the  head  (Fig.  1).     They  first  appear  as  diffusely 
spherical  objects,   later  becoming  dumbbell-shaped,   the   dumb- 


FicuRE  1.     Diphyllobothrium  americanum. 
Camera  lucida  sketch  of  portions  of  strobila. 

bell  subsequently  elongating.     There  are  no  eggs  present  in  any 
of  the  strobila;  and   the  genitalia  appear  to  be  innnature;  it   is 
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possible  that  they  are  abortive  and  sterile.  Malformations  and 
displacements  of  the  genitalia  are  common.  The  last  normal 
segment  of  the  largest  worm,  about  7  mm.  from  the  posterior 
end,  is  558  //  long  and  1.34  mm.  wide.  In  the  next  largest  worm, 
the  largest  segment,  not  far  from  the  posterior  end,  is  668  // 
long  and  833  fx  wide. 

The  bothriocephalid  cestodes  of  the  dog  were  at  one  time  re- 
ferred to  the  genus  Bothrioccphalus  Rudolphi,  1908,  of  which  the 
type  is  B.  punctatiis  (Rudolphi,  1802)  Rudolphi,  1810,  from  vari- 
ous fish.  They  were  later  referred  to  the  genus  Dibotkrio- 
ccphalus  Luehe,  1899,  of  which  the  type  is  D.  latus  (Linnaeus, 
178)  Luehe,  1899,  but  in  1910  Luehe  regards  his  genus  Dibothrio- 
cephalus  as  a  synonym  of  Diphvllobotlirimn  Cobbold,  1858,  of 
which  the  type  is  D.  stemiimceplialum  from  Delphinus  phocaena, 
and  the  bothriocephalid  worms  from  the  dog  are  now  generally 
referred  to  Diphyllobofhriiiin.  These  worms  are  briefly  described 
as  follows : 

D.  latum  attains  a  length  of  3  to  9  meters.  It  has  a  head  3  to 
3  mm.  long  according  to  Braun  (1906)  and  Fiebiger  (1912)  and 
2  to  5  mm.  long  by  0.7  to  1  mm.  wide  according  to  Neveau- 
Lemaire  (1912).  These  writers  agree  that  the  neck  is  thin,  its 
length  depending  on  the  state  of  contraction.  It  would  appear 
from  the  fact  that  our  strobilae  are  only  a  few  centimeters  long, 
instead  of  several  meters,  and  that  the  heads  are  only  1.37  to  1.66 
mm.  long  and  0.4  to  0.7  mm.  wide,  and  from  the  fact  that  they 
have  no  neck,  that  we  have  a  form  other  than  D.  latum,  and  we 
believe  that  such  is  evidently  the  case. 

In  this  connection  it  is  interesting  to  note  that  Nickerson 
(1906)  notes  a  case  of  D.  latum  in  a  child  born  in  Minnesota  and 
who  had  never  been  out  of  that  State,  the  first  record  of  an  infec- 
tion with  this  worm  where  the  infection  is  known  to  have  been  ac- 
quired in  this  country.  Nickerson  says  the  head  of  the  worm  was 
1.75  mm.  long  and  0.9  mm.  wide.  These  figures  are  intermediate 
between  those  given  for  D.  latum  and  those  for  our  specimens. 
Nickerson  states,  regarding  D.  latum:  "There  are  no  reports  of 
its  being  found  in  American  dogs,  cats  or  foxes — the  other 
animals  which  are  known  to  serve  as  definitive  hosts  for  the  para- 
site."   He  also  states :    "Larvae  of  Dibothriocephalus  do  occur  in 
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American  fishes.  I  have  obtained  them  from  fish  caught  in  the 
Great  Lakes,  but  without  feeding  experiments  to  rear  the  adult 
worm  from  the  larva  it  is  impossible  to  determine  the  species  of 
Dibothrioccphalns  and  the  probability  is  in  favor  of  such  larvae 
being  of  some  species  other  than  latus — the  parasite  of  man." 

Diphyllobothrium  cordatum,  another  parasite  of  dogs,  has  a 
characteristic  heart-shaped  head,  2  mm.  by  2  mm.  in  diameter, 
and  it  is  certain  that  the  species  we  have  found  is  not  D. 
cordatum. 

Dt  fuscum  was  described  from  the  dog  in  Iceland  by  Krabbe. 
According  to  Neveau-Lemaire  (1912),  this  worm  has  a  com- 
pressed lanceolate  head,  a  neck  slightly  narrower  than  the  head, 
followed  by  segniients  which  are  at  first  indistinct.  In  our  speci- 
mens there  is  no  neck  and  the  first  segments,  though  small,  are 
quite  distinct.  It  is,  however,  difficult  to  make  distinctions  of 
this  sort.  We  are  frankly  unable  to  ascertain  with  any  certainty 
whether  our  specimens  correspond  to  the  meager  description  of 
D.  fuscum,  and  we  merely  assume  that  since  the  agreement  is  not 
exact,  it  is  fairly  unlikely  that  rare  material  from  such  widely 
separated  localities  should  be  the  same  species. 

D.  serratiim  is  named  as  a  parasite  of  dogs  by  a  number  of 
writers,  but  is  then  disregarded  and  no  description  is  available  to 
us.  Some  writers  list  it  with  a  question  mark,  indicating  uncer- 
tainties in  regard  to  it,  and  we  are  compelled  to  disregard  it. 

Bothriocephahis  spiratus  is  listed  by  Neveau-Lemaire  (1912) 
as  found  in  the  dog  in  Italy.  Such  a  species  is  not  listed  by  Ge- 
doelst  (1911)  or  Stiles  and  Hassall  (1912),  and  it  seems  likely 
that  this  is  a  printer's  error  for  B.  serratus,  which  is  not  named 
in  Xcveau-Lcmaire's  list  of  dog  parasites. 

In  order  that  the  species  found  here  by  us  may  have  some 
name  to  which  it  may  be  referred,  we  jiropose  for  it  the  name  of 
Diphyllobothrium-  americanum.  Should  it  develop  later  that  this 
name  is  a  synonym  of  some  existing  name,  it  will  be  easy  to  sup- 
press the  synonym.  In  the  meantime,  we  believe  it  is  more  con- 
venient to  have  a  name  and  we  are  following  the  advice  of  Stiles 
in  such  matters — that  it  is  better  to  give  a  new  name  which  may 
be  later  suppressed  than  to  confuse  two  species  under  one  name. 
Of  course,  we  do  this  in  the  Iselief  that  this  species  cannot  be 
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identified  with  D.  latum,  D.  cordatuui  or  D.  fitscum  and  it  is  not 
feasible  to  make  a  comparison  with  D.  serratuin.     Specimens 
will  be  deposited  in  the  collection  of  the  U.  S.  Bureau  of  Animal 
Industry,  where  they  will  be  available  for  future  examination. 

It  might  be  noted  here  that  the  bothriocephalid  larvae,  or 
plerocercoids,  found  by  Nickerson  in  fish  from  the  Great  Lakes 
may  have  been  the  larvae  of  this  species,  an  idea  which  is  in 
agreement  with  Nickerson's  statements.  The  idea  is  of  interest, 
as  bothriocephalids  parasitic  in  man  are  commonly  capable  of 
parasitizing  dogs,  and  vice  versa.  It  may  be,  therefore,  that  fish 
caught  in  the  Great  Lakes  and  consumed  here  in  Detroit  and 
elsewhere  are  parasitized  by  a  plerocercoid  other  than  that  of  D. 
latum  but  possibly  capable,  nevertheless,  of  parasitizing  man. 

The  following  key  to  the  bothriocephalid  worms  of  the  dog 
makes  use  of  such  distinctions  as  can  be  drawn  in  view  of  the 
scarcity  of  detailed  description  : 

1.  No  available  description Diphyllobothrium  serratum 

Descriptions  available   2 

2.  Heart-shaped  head,  2  mm.  by  2  mm.  in  diameter D.  cordatum 

Head  not  heart-shaped,  longer  than  wide 3 

3.  No  neck,  the  first  segment  following  immediately  behind  head 

D.  amerkanum 

Neck  present 4 

4.  Neck  slightly  narrower  than  the  head D.  fuscum 

Neck  thin ;  strobila  attains  a  length  of  2  to  9  meters D.  latum 

It  is  possible,  even  probable,  that  D.  amerkanum  is  normally 
a  parasite  of  wild  carnivores. 

In  this  connection,  it  might  be  noted  that  the  life  history  of 
the  bothriocephalid  tapeworms  has  just  been  ascertained  by 
Janicki  and  Rosen  (1917;  1918).  It  has  long  been  known  that 
the  larval  form  occurred  in  fish  and  that  the  adult  worm  de- 
veloped in  suitable  hosts  when  raw  fish  were  ingested,  but  at- 
attempts  to  infect  fish  with  the  eggs  or  embryos  of  the  adult  tape- 
worm have  always  been  unsuccessful.  Janicki  and  Rosen  met 
with  no  better  success  in  feeding  experiments  of  this  sort  than 
other  investigators  had  achieved,  so  they  began  a  search  for  an 
intermediate  host  capable  of  becoming  infested  by  the  embryos 
of  the  worm  and  in  turn  infesting  the  fish.  In  this  search  they 
were  successful,  the  intermediate  hosts  found  being  small  inver- 


184 
tebrate  animals  known  as  copepods.  Of  these,  Cyclol's  strciiuits 
and  DiuptoiuHS  gracilis  were  found  to  function  as  hosts.  The 
ciliated  embryo  of  the  worm  was  found  to  be  taken  into  the  di- 
gestive tract  of  the  copepod ;  from  there  it  penetrated  the  wall  of 
the  intestine  and  transformed  in  the  body  cavity  into  an  inter- 
mediate larval  fonn,  the  procercoid,  which  is  armed  with  hooks 
on  a  globular  caudal  appendix.  Not  more  than  .two  of  these 
were  found  in  one  host.  When  these  infested  copepods  were 
eaten  by  fish,  they  were  digested  and  the  larval  worms  set  free. 
The  procercoid  loses  its  hooks  and  the  caudal  appendix,  if  these 
have  not  already  been  lost  in  the  copepod,  and  the  plerocercoid 
thus  formed  traverses  the  wall  of  the  stomach,  attains  the  body 
cavity  and  thence  enters  the  musculature  or  the  liver.  The  para- 
sitized copepods  lose  their  active  movements  and  move  slowly 
along  at  the  bottom  of  the  water.  This  admirable  piece  of  work 
by  Janicki  and  Rosen  furnishes  us  with  the  first  case  of  a  tape- 
worm having  two  intermediate  hosts  with  two  larval  stages  and 
will  doubtless  open  a  large  field  of  investigation  and  theorizing. 

We  take  this  occasion  to  summarize  briefly  the  status  of  the 
dog  tapeworms  as  regards  their  occurrence  on  this  continent,  so 
far  as  records  are  available  to  us.  Most  of  the  common  species 
of  dog  cestodes  have  been  reported  from  the  dog  on  this  con- 
tinent, and  some  rare  forms  have  been  found.  Other  tapeworms, 
some  of  which  have  only  been  reported  as  found  once  in  the  dog 
in  Europe,  are  not  known  on  this  continent. 

Mcsoccstoidcs  lineatiis  has  been  reported  by  Stiles  and  Has- 
sall  (189-1)  as  represented  in  Leidy's  collection  b\  specimens  col- 
lected from  an  Esciuimaux  dog  by  Kane. 

Dipylidium  caniiuim  is  a  common  parasite  of  dogs  in  the 
United  .States.  It  has  been  reported  from  children  at  least  three 
times,  in  cases  in  IJetroil.  .Mich..  Ithaca,  N.  Y.,  and  Xorwich, 
Conn. 

Dipylidium  scxcoronutnui  has  been  rcpuiUd  from  dogs  in  liic 
United  States  at  Bethesda,  Md.,  and  IJetruil,  .Mich.,  by  Hall 
(1917).  We  find  it  fairly  often  here  at  Detroit  and  our  impres- 
sion is  that  it  is  as  common  here  as  D.  caninum.  The  strobila  is 
much  narrower  than  D.  caninum.  Some  of  the  specimens  with 
a   narrow   strobila   apjK-ar   to   have   only   5    rows   of   hooks   and 
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should  be  studied  with  a  view  to  determining  whether  D.  sex- 
coronatum  has  sometimes  5  rows  of  hooks,  as  well  as  6  rows,  or 
whether  this  material  belongs  to  a  new  species. 

Of  200  dogs  examined  by  us  at  Detroit,  46  per  cent  had  Dipy- 
lidiuHi.  but  other  investigations  did  not  permit  of  taking  time  to 
determine  the  species  in  all  these  cases.  The  average  number 
of  worms  present  in  a  dog  was  14.8 ;  the  largest  number  was 
205  and  the  next  largest  100. 

Taenia  pisiformis  (Taenia  serrata)  is  probably  the  commonest 
of  the  dog  tapeworms  belonging  to  the  genus  Taenia.  Ward 
(1897)  found  it  present  in  45  per  cent  of  the  dogs  examined  by 
him  at  Lincoln,  Neb.  As  long  as  dogs  have  access  to  our  wild 
hares  and  rabbits,  the  hosts  of  the  larval  tapeworm,  this  worm 
will  probably  be  common  in  dogs.  It  is  naturally  commoner  in 
dogs  in  the  country  and  in  villages  and  small  cities,  and  less 
common  in  large  cities,  where  the  dogs  seldom  get  outside  the 
city  and  where  the  rabbits  and  other  game  are  killed  off  for 
some  distance  out  from  the  city.  At  Detroit  we  found  this 
parasite  in  6  dogs,  3  per  cent  of  our  200  dogs,  the  largest  num- 
ber present  being  7  and  the  next  largest  5.  A  dog  not  in  this 
series  of  200  had  20  T.  pisiformis. 

Taenia  hydatigena  (Taenia  marginata)  is  still  fairly  common 
in  dogs  in  the  United  States,  but  it  appears  to  be  of  less  common 
occurrence  than  was  the  case  10  or  20  years  ago.  The  in- 
creased application  of  adequate  meat  inspection  to  the  abattoirs 
of  the  United  States  and  the  increased  care  in  the  disposal  of 
slaughter-house  refuse  will  make  this  worm  increasingly  scarcer 
and  it  will  eventually,  and  perhaps  very  soon,  disappear.  We 
only  found  it  in  2  dogs,  1  per  cent,  of  our  200  dogs  here,  and  sus- 
pect that  these  dogs  probably  acquired  the  infection  in  the  country, 
where  the  primitive  methods  of  disposing  of  viscera  of  slaught- 
ered animals  by  feeding  to  the  dogs  still  prevail  in  some  sections. 
As  more  and  more  farmers  learn  the  impropriety  and  danger  of 
such  practices,  it  is  likely  that  this  will  be  one  of  the  first  dog 
tapeworms  to  become  extinct. 

Taenia  krabbei  was  reported  from  Alaska  by  Ransom  (1915), 
the  adult  tapeworm  being  obtained  by  feeding  the  corresponding 
bladderworm   from  the  reindeer  to  dogs.   Ransom    (1913)    had 
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previously  reported   the  larva  of  this  tapeworm  from   reindeer 
in  Alaska. 

Taenia  ovis  has  been  experimentally  developed  in  dogs  in  this 
country  by  Ransom  (1913),  by  feeding  larvae  collected  from  the 
muscles  of  sheep.  Ransom  reports  the  larvae  from  sheep  in  Mon- 
tana, Idaho,  Washington,  Oregon,  California,  Colorado  and 
Nevada. 

Taenia  balaniceps  was  described  from  the  dog  in  Nevada  and 
the  lynx  in  New  Mexico  by  Hall  (1910). 

Mult  ice  ps  mult  ice  ps,  the  gid  tapeworm,  has  been  experimen- 
tally developed  in  dogs  in  this  country  by  Hall  (1909)  and  by 
Taylor  and  Boynton  (1910).  The  larva,  or  gid  bladderworm 
from  the  brain,  has  been  reported  from  sheep  in  this  country  a 
number  of  times  and  has  been  enzootic  for  many  years  in  nortli- 
ern  Montana.  Ransom  (1913)  reports  gid  as  present  in  Arizona 
and  occasioning  tlie  loss  of  a  considerable  number  of  sheep. 

Multiceps  serialis  has  been  experimentally  developed  in  the 
dog  in  this  country  by  Hall  (1910)  and  has  been  reported  from 
dogs  in  natural  infestations  by  Ward  (1897),  Stevenson  (1904) 
and  Ransom  (1905).  The  bladderworm,  or  larval  stage,  is  com- 
mon in  jack-rabbits  in  many  parts  of  the  western  United  States, 
occurring  in  the  subcutaneous  and  connective  tissues. 

Echinococcus  granulosus  (Taenia  echinococciis)  was  reported 
from  the  dog  in  this  country  by  Stiles  and  Hassall  (1894),  the 
specimens  being  collected  by  Curtice  at  Washington,  D.  C.  This 
tapeworm  has  also  been  reported  from  the  dog  in  Alaska  by 
Ransom   (1915). 
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This  paper  is  primarily  intended  to  cover  additional  informa- 
tion regarding  the  rare  thorny-headed  worm  of  the  dog,  but  in 
view  of  the  fact  that  the  writers  are  summarizing  in  other  papers, 
published  (Hall  and  Wigdor,  1918)  and  in  manuscript,  the  avail- 
able data  as  to  the  occurrence  of  protozoan,  cestode,  trematode 
and  nematode  parasites  of  the  dog  in  North  America,  in  connec- 
tion with  some  new  findings,  a  summary  of  our  knowledge  of 
arthropod  parasites  is  included  in  this  paper  in  order  to  complete 
a  series  covering  the  parasites  of  dogs  in  North  America.  These 
summaries  are  intended  to  be  comprehensive,  but  not  exhaustive. 
Not  all  records  of  a  given  parasite  are  cited  and  by  no  means  all 
the  literature  possibly  involved  has  been  examined. 

AcANTHOCEPHALA.  Ecliifiorhynchiis  caiiis  was  described  from 
this  country  by  Kaupp  (1909)  on  4  specimens  collected  from  a 
dog  at  San  Antonio,  Texas.  No  subsequent  writers  have  reported 
this  species.  Dr.  Clifford  C.  Whitney  collected  one  specimen  of 
what  is  evidently  this  species  from  a  young,  1)lack  and  white, 
male  mongrel  dog  at  College  Station,  Texas,  (jn  .March  S,  1917, 
and  sent  it  to  one  of  us  (Hall)  at  Detroit.  It  appears,  therefore, 
that  this  rather  rare  parasite  is  established  in  Texas,  at  least. 

Through  the  courtesy  of  Dr.  Whitney,  we  were  allowed  to 
retain  his  .specimen  for  study.    A  brief  description  is  as  follows : 

The  worm  is  a  female,  14  mm.  long.  The  proboscis  is  armed 
with  6  rows  of  hooks,  the  largest  set  anteriorly.  The  hooks  in  the 
4  anterior  rows  have  anterior  and  posterior  roots  resembling  the 
handle  and  guard  of  the  taenioid  cestode  hook  ;  those  in  the  2 


posterior  rows  are  rosethorn-shaped  (see  figs.)-  The  proboscis 
shows  33  hooks,  of  which  18  are  large  and  1  small.  It  is  likely 
that  3  of  the  small  hooks  have  been  lost  and  that  the  total  number 
present  should  be  3G.  The  proboscis  is  2  mm.  long.  The  mounted 
specimen  shows  that  the  body  is  distinctly  annulated.  The  body 
form  and  outline  is  substantially  that  figured  by  Kaupp  (1909). 
There  are  eggs  present,  but  apparently  these  have  not  been  fer- 
tilized (this  was  the  only  specimen  present  in  the  host  animal) 
and  segmentation  has  not  begun. 

The  cuticular  annulation,  the  proboscis  structure  and  the  hooks 
indicate  that  this  worm  belongs  in  the  family  Gigantorhynchidae. 
As  regards  its  generic  position,  it  is  difiicult  to  ascertain  this 
accurately  by  an  examination  of  the  one  immature  femal  speci- 


Fic.   1.     Gigantorhynchus  canis. 
Large  hooks  from  first  and  second  rows  as  numbered  xl80. 

men  in  our  possession,  but  it  appears  to  have  the  essential  char- 
acters and  appearance  of  the  genus  Oncicola,  Travassos,  1916, 
and  it  is  accordingly  designated  Oneiroid  (aiiis  fKau])p,  1909) 
Hall  and  Wigdor,  1918. 

In  view  of  the  fact  that  Acaiithocephala  forms  have  been  re- 
ported from  the  dog  in  Kuroj)e,  the  question  naturally  conies  up 
as  to  whether  the  European  and  American  forms  are  identical. 
The  European  species  is  listed  by  Railliet  (1893),  Neveau- 
Lemaire  (1912)  and  other  recent  writers  as  Echiiiorhyiichus 
grassii  Deflfke,  1891.     An  examination  of  Deffke's  (1891)  paper, 


shows  that  he  has  in  his  hst  of  dog  parasites  "Echinorhynchus 
grassii,  1888."  This  is  evidently  not  an  attempt  to  name  an 
Echinorhynchus  species  after  Grassi,  as  the  date  after  Grassi's 
name  shows,  but  is  a  reference  to  Grassi's  paper  of  that  date  re- 
garding this  parasite.  So  far  as  we  can  ascertain,  Grassi  and 
Calandruccio  (1888)  Hsted  an  Echinorhynchus  from  the  dog  in 
Sicily ;  they  state  that  Sicily  is  an  exception  to  the  rule  that  in 
general  Echinorhynchus  is  rare  in  mammals  other  than  swine, 
and  that  not  infrequently  they  found  an  Echinorhynchus ,  prob- 
ably a  new  species,  in  the  small  intestine  of  the  dog.  Travossos 
(1917)  makes  Echinorhynchus  grassii  a  synonym  of  Monili- 
formis, which  eliminates  the  possibility  that  the  European  and 
American  forms  are  identical.  Granting  the  accuracy  of  the 
Brazilian  authority's  synonomy,  it  follows  that  the  dog  is  para- 
sitized at  times  by  at  least  2  echinorhynchs,  Moniliformis  monili- 
formis and  Oncicola  canis.  The  latter  is  probably  a  customary 
parasite  of  some  Texan  carnivore  other  than  the  dog.  O.  canis 
is  very  similar  to  0.  oncicola  (v.  Ihering,  1893).  Both  species 
show  asymmetrical  hook  bases  in  some  hooks  and  recurved  pro- 
jections on  hook  tips,  but  the  hook  measurements  are  so  dis- 
similar as  to  make  it  quite  unlikely  that  the  species  are  identical. 


Fig.   2.     Cigantorhynchus  cattu 
hooks  from  fifth  and  sixth  rows  as  n 


imbered  x240. 


Travassos  gives  measurements  for  4  types  of  hooks  in  0.  oncicola, 
the  first  type  being  the  hooks  of  the  first  and  second  (or  anterior) 
rows,  the  second  type  the  hooks  of  the  third  row,  the  third  type 
the  hooks  of  the  fourth  row,  and  the  fourth  type  the  hooks  of 
the  fifth  and  sixth  (or  posterior)  rows.  His  measurements  and 
ours  are  as  follows : 


1S)2 

Distance,  tip  of  blade  Distance  between 

Species.                    Hook  type.                                   to  tip  of  ai>ical  root  root  extremities 

(microns).  (microns). 

O.  oncicola             First 348  177 

O.  canis                 First 200  14S  to  160 

O.  oncicola             Second 26S  149 

O.  canis                 Second 140  30 

O.  oncicola             Third 227  130 

O.   canis                    Third 166  116 

O.  oncicola            Fourth 120  

O.  cnnis                   Fourth I'M)  — - 

In  the  measurements  of  hooks  of  the  tliird  type,  we  have 
measured  from  the  tip  of  the  asymmetrical  process  on  the  root,  as 
Tra\assos  appears  to  have  done.  Without  this  projection,  the 
distMiue  from  the  tip  of  the  blade  to  the  tip  of  the  apical  root  is 
110  /(;  that  between  the  root  extremities  is  (50  to  (54  yu.  O.  oncicola 
occurs  in  Fells  {  Lropardns }  aura  and  lu-lis  {  Catof'iiiiia)  jagua- 
riindi,  and  it  is  quite  likely  that  ().  canis  is  normally  parasitic  in 
some  of  the  Felidae. 

Arthropoda.  Otobiiis  )iu\^iiini  iOrnitlunioyos  mctinini)  has 
been  reported  from  dogs  in  the  soutlu'rii  rnitt-d  States  bv  Hooker, 
Rishopp  and  Wood   (l!'!'^). 

Ixodes  riehiHs  is  reported  from  dogs  in  I'anada  b\  I  Icwitt 
(1915). 

Ixodes  seapuhiris  is  reported  from  tlogs  in  the  southern  United 
States  by  Hooker,  Bishopji  and  Wood   (  191-.'). 

Ixodes  cookei  is  reported  from  dogs  in  (^"aiiada  by  Hewitt 
(191.5)  and  in  the  I'nited  States  by  Banks  (1908). 

Ixodes  khuji  is  reported  from  dogs  in  the  western  United 
States  by  Hooker,  Bishopp  and  Wood   (1912). 

Ixodes  f^ratli  is  rei)orted  from  tlie  dog  in  C"an;ida  In  lladweii 
according  to  Hewitt  (191-"i). 

Nliif'icef'haius  sa)u/iiirteiis.  tiie  i)ro\\ii  dog  tick,  has  been  col- 
lected from  the  dog  in  Texas  and  in  Mexico,  according  to  Hooker, 
Bishoi)p  and  Wood  (191::?).  .Specimens  of  this  tick  from  a  dog 
on  one  of  our  b.ittlesiiips  ]ia\c  lutn  miu  to  this  laboratory  for 
identification,  w  ith  the  statement  that  liic  dog  apparently  became 
infested  in  New  Orleans. 

Margaropns  aiinulatiis,  the  cattle  tick,  lias  been  reported  from 
dogs  in  the  soutlurn  United  States  b\  i  looker.  I'.ishopp  and 
Wood   (1912)  aiul  oilier  writers,  but  it  is  very  rare  on  this  host. 

Amblyoiitiiia  uuiciilatiiiii  has  been  reported  from  dogs  in  Texas 
and  Louisiana  by   Hooker,   Bisho])p  and   Wood   (1912). 


Amblxoinma  amcricanuin  has  been  reported  from  dogs  in 
Texas  by  Hooker,  Bishopp  and  Wood  (1912). 

Aniblyomma  cajennense  has  been  reported  from  the  dog  at 
Panama  by  Hooker,  Bishopp  and  Wood  (1912). 

Dermacentor  aiidcrsoni  {D.  z'onistus)  has  been  reported  from 
dogs  in  the  western  United  States  by  Hooker,  Bishopp  and  Wood 
(1913),  by  Stiles  (1910)  and  by  others. 

Dermacentor  occidcntalis  is  reported  from  the  dog  in  the  Pa- 
cific coast  region  of  the  United  States  by  Hooker,  Bishopp  and 
Wood  (1912). 

Dermacentor  'variabilis  is  a  common  and  widely  distributed 
parasite  in  the  United  States,  the  dog  being  the  usual  host,  and 
lias  been  reported  from  the  dog  in  Canada  by  Hadwen  (1912). 

Sarcoptes  scabiei  canis  is  the  cause  of  sarcoptic  mange  in  the 
dog.  It  appears  to  be  much  less  common  in  the  United  States 
than  demodectic  mange. 

Dcmodcx  foUicnloniui  canis.  the  cause  of  demodectic  mange 
in  dogs,  is  common  in  the  United  States.  We  have  had  a  number 
of  cases  here  at  Detroit. 
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Fig.  3.     Gigotitorhynchus  canis. 
Hooks  from  different  rows  as   numbered 


Linoijiiathits  pili ferns,  the  sucking  louse  of  the  dog,  appears  to 
be  more  common  on  the  west  coast  of  the  United  States  than  in 
the  East.     We  have  found  a  few  cases  here  at  Detroit. 


Trichodectes  latus,  the  biting  louse  of  the  dog,  is  fairly  com- 
mon in  the  United  States.  In  connection  with  tests  of  the  efficacy 
of  sodium  fluoride  against  biting  lice,  proposed  by  Bishopp  and 
Wood  (1917)  for  use  against  biting  lice  of  poultry  and  reported 
by  Hall  (1917)  as  effective  against  biting  lice  of  the  horse,  we 
have  made  some  tests  in  this  laboratory  of  its  efficacy  against  the 
biting  louse  of  the  dog  and  find  it  effective.  We  have  seen  no 
bad  results  from  it,  but  the  possibility  of  trouble  from  poisons 
ingested  through  licking  the  hair  and  skin  must  be  kept  in  mind 
in  treating  dogs.  In  a  test  to  determine  the  toxicity  of  sodium 
fluoride,  we  gave  a  9-kilo  dog  1  gram  of  sodium  fluoride  in  a 
gelatine  capsule,  followed  by  a  small  amount  of  water.  The  dog 
seemed  in  fairly  good  health  for  3  days,  but  was  found  dead  on 
the  fourth  day ;  there  was  a  severe  gastro-enteritis,  with  some 
hemorrhage,  and  an  acute  nephritis. 

Ctcnoccplialus  ranis,  the  dug  tk-a.  is  common  on  dogs  in  the 
United  States. 

Pulex  irritans.  the  human  flea,  is  not  an  uncommon  parasite 
of  dogs,  especially  on  the  west  coast  of  the  United  States. 

Eckidnophaga  galliiiacea,  the  stick-tight  flea,  is  often  found 
on  the  ears  of  dogs  in  the  southern  and  southwestern  part  of  the 
United  States,  according  to  Bishopp  (1915). 

Gastrophilus  intestinal^  {G.  equi),  G.  nasalis  and  G.  hcmor- 
rhoidalis  have  been  reported  from  the  dog  in  experimental  infesta- 
tions in  the  United  States  by  Hall  (1917).  G.  intestinalis  func- 
tions readily  as  an  incidental  parasite  of  the  dog;  G.  nasalis  did 
not  adapt  itself  to  the  dog  so  readily ;  G.  hcmorrhoidaiis  appar- 
ently had  little  or  no  capacity  for  jcirasitism  in  the  digestive 
tract  of  the  dog. 

Cochliomyia  iiuwcllaria  {ClirysoDiyia  innceHaria) ,  the  screw- 
worm,  is  a  common  parasite  of  domesticated  animals  in  the 
southern  United  States.  Dunn  (1918)  has  recently  recorded  a 
case  of  infestation  in  the  dog  at  Ancon,  Panama. 

Cuterebra  cvmsciilator,  the  rabbit  hot,  has  been  collected  from 
the  scrotum  of  the  dog,  api)arciitly  in  North  .America,  according 
to  Gedoelst  (1911). 

Dermatobia  cyanifcntris  (D.  hominis)  is  reported  as  parasitic 
in  dogs  in  tropical  America  by  Verrilj,  according  to  Osborn 
(1896),  and  others. 


Myiasis,  due  to  infestation  with  various  dipterous  larvae,  is 
not  uncommon  among  dogs  in  the  United  States.  We  have  sev- 
eral times  seen  cases  of  rectal  myiasis  in  the  dog,  especially  dogs 
that  were  sick  and  weak,  and  more  particularly  those  that  had 
diarrhea  or  blood  in  the  feces.  Fish  (1910)  records  an  inter- 
esting case  of  cutaneous  myiasis,  where  a  collie  pup  was  found 
to  have  hundreds  of  maggots  in  the  dense  hairs  along  the  spine 
from  the  neck  to  the  scrotum,  many  of  the  maggots  being  em- 
bedded in  the  skin.  The  species  of  fly  responsible  for  these  in- 
festations is  commonly  not  ascertained. 

Simuliiim  molcstmn  is  reported  by  Packard,  according  to  Os- 
born  (1896),  as  attacking  the  Newfoundland  dogs  of  Labrador 
and  driving  them  to  take  to  the  river  for  protection. 

Simulinm  pecuarnm  is  recorded  in  reports  of  the  U.  S.  Depart- 
ment of  Agriculture,  according  to  Osborn  (1896),  as  attacking 
dogs  in  the  United  States. 

Stomoxys  calcitrans  is  reported  by  Hewitt  (1917)  as  attack- 
ing dogs  in  Canada. 

Tabanus  lineola  and  7".  trijunctiis  are  reported  by  Snyder 
(1917)  as  annoying  dogs  in  southern  Florida. 

There  are  numerous  other  biting  flies  that  attack  dogs  on  occa- 
sions, but  the  records  are  frequently  indefinite  and  uncertain. 
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STUDIES  RELATIVE  TO  THE  APPARENT  CLOSE 

RELATIONSHIP  BETWEEN  BACT.  PERTUSSIS 

AND  B.  BRONCHISEPTICUS.* 

II.     COMPLEMENT    FIXATION    TESTS. 

N.  S.  Ferry  and  H.  C.  Klix. 

Research  Department,  Parke,  Davis  &  Co.,  Detroit,  Michigan. 

In  a  previous  article  (Ferry  and  Noble,  1918)  we  have  de- 
scribed the  cultural,  agglutination  and  absorption  reactions 
between  Bact.  pertussis  and  B.  bronchisepticus  and  have  shown 
that,  while  the  two  organisms  are  distinct,  they  are  apparently 
somewhat  closely  related.  The  most  striking  characteristics  of 
the  organisms,  according  to  the  serological  reactions,  were  shown 
to  be  the  ability  of  B.  bronchisepticus  to  produce  an  immune 
serum  that  would  agglutinate  both  the  B.  bronchisepticus  and 
Bact.  pertussis  antigens  and  the  ability  of  Bad.  pertussis  to 
produce  an  immune  serum  that  would  agglutinate  only  the 
homologous  antigen.  The  absorption  reaction  showed  that  the 
B.  bronchisepticus  antigen  would  absorb  from  the  antibronchisep- 
ticus  serum  (a  serum  that  contained  agglutinins  for  both  organ- 
isms) only  the  B.  bronchisepticus  agglutinin  (the  major  agglu- 
tinin), leaving  intact  the  agglutinin  for  Bact.  pertussis  (the  minor 
agglutinin).  This  minor  agglutinin  could  only  be  absorbed  by 
the  Bact.  pertussis  antigen.  This  type  of  agglutinin  was  termed 
by  the  authors  a  "transitive"  agglutinin. 

The  present  investigation  was  undertaken  to  confirm  the  work 
of  the  previous  paper  through  complement  fixation  tests  and  to 
determine,  if  possible,  the '  value  of  this  test  in  differentiating 
between  the  two  organisms. 

Strains  used.  At  first  a  large  number  of  strains  of  each  or- 
ganism were  used,  the  same  strains  as  those  worked  with  in  the 
previous  experiments  already  described,  but  as  it  was  found  that 
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all  strains  of  the  same  organism  gave  similar  reactions  it  was 
deemed  advisable  to  cut  down  the  number  to  three  of  each  in 
order  to  save  time.  Of  the  B.  bronchisepticus,  No.  36  (dog), 
No.  123  (monkey)  and  human  strains  were  tested;  and  of  Bact. 
pertussis,  No.  0363  (Bordet),  No.  109  and  No.  248  (Povitzk>-)- 

Tcchnic.  For  the  volume  of  the  complement  fixation  tests  it 
was  found  more  satisfactory  to  use  2  cc.  than  5  cc.  as  advised 
for  tlie  Wassermann  test  or  0.5  cc.  suggested  by  Olmstead  and 
Povitzky  in  a  serological  comparison  of  the  Bordet-Gengou 
bacillus  and  hemoglobinophilic  bacilli.  The  hemolytic  system 
was  composed  of  sheep  cells  in  a  2  per  cent  suspension,  guinea- 
pig  complement  in  a  1  to  10  dilution  and  rabbit  amboceptor  in  1 
to  1500  dilution.  Complement  titration  was  made  by  using  0.1 
cc.  of  amboceptor  and  varying  amounts  of  complement. 

In  determining  the  relationship  of  the  various  strains  two  units 
of  both  amboceptor  and  complement  were  employed.  All  titrations 
were  incubated  one  hour  before  and  one  hour  after  the  addition 
of  the  sensitized  cells,  at  32°  C.  The  dilution  was  chosen  in 
which  complete  hemolysis  was  produced,  readings  being  made 
at  the  end  of  the  hour's  incubation.  All  serum  was  inactivated 
by  heating  in  water  bath  one-half  hour  at  56°  C. 

The  antigen  was  titrated  by  mixing  it  in  varying  amounts  with 
one  unit  of  the  hemolytic  system. 

Preparation  of  antigen.  After  trying  out  several  methods  of 
antigen  preparation  it  was  finally  determined  that  filtered  auto- 
lysates gave  the  most  stable  and  satisfactory  products. 

The  antigens  were  prepared  as  follows:  The  organisms  were 
grown  on  agar  for  forty-eight  hours  at  37.5°  C,  then  taken  off 
and  suspended  in  distilled  water  and  shaken  for  forty-eight  hours 
in  a  mechanical  shaker.  This  suspension  was  then  heated  at 
56°  C.  for  one-half  hour,  incubated  twelve  hours,  after  which 
enough  sodium  chloride  and  formalin  was  added  to  make  an 
0.85  per  cent  and  0.5  per  cent  solution  respectively.  Filtration 
was  carried  on  through  asbestos. 

Preparation  of  immune  serum.  The  same  serums  were  used 
for  this  work  as  for  the  previous  experiments,  a  description  of 
which  has  already  been  given. 

The  results  of  the  complement  fixation  tests  may  be  seen  in  the 
following  table: 
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+  Denotes  complete  inhibition  of  hemolysis. 

—  Denotes  incomplete  or  no  inhibition  of  hemolysis. 

It  was  found  in  a  large  majority  of  the  tests  as  represented  in 
the  chart,  which  is  a  composite,  that  the  B.  bronchisepticus 
immune  serum  bound  the  complement  in  the  presence  of  both 
the  bronchisepticus  and  pertussis  antigens,  while  the  B.  pertussis 
immune  serum  bound  the  complement  in  the  presence  of  the 
homologous  antigen  and  also  the  human  and  monkey  strains  of 
B.  bronchisepticus.  It  did  not  bind  the  complement  in  the  pres- 
ence of  a  dog  strain  of  B.  bronchisepticus. 

SUMMARY. 

1.  B.  bronchisepticus  immune  serum  bound  the  complement  in 
the  presence  of  both  B.  bronchisepticus  and  Bact.  pertussis 
antigen. 

2.  Bact.  pertussis  immune  serum  bound  the  complement  in  the 
presence  oiBact.  pertussis  antigen  and  B.  bronchisepticus  antigen 
of  both  human  and  monkey  origin  but  not  of  dog  origin. 

3.  The  complement  fixation  test  is  not  a  reliable  method  of 
differentiating  between  the  two  organisms  in  question. 

4.  Bacterial  autolysates  were  found  to  be  the  most  stable  and 
satisfactory  antigens. 

5.  The  complement  fixation  test  was  found  to  corroborate,  in 
most  respects,  the  agglutinin  reactions  reported  in  a  previous 
paper. 
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THE  CONTROL  OF  LICE  ON  HORSES,  WITH  ESPECIAL 
REFERENCE  TO  WINTER  CONDITIONS. 

By  Maurice  C.  Hall,  Ph.D.,  D.V.M., 

Parasitologist,   Research  Laboratory,  Parke,  Davis  &  Co.,   Detroit,  Michigan,  U.   S.  A. 

In  a  previous  paper  dealing  with  horse  Hce,  the  writer  (  Hall, 
1917)  has  noted  that  the  problem  of  keeping  horses  free  from  lice 
becomes  acute  during  the  winter  in  the  Temperate  Zones  whenever 
horses  are  exposed  to  infestation  during  part  or  all  of  the  year.  In 
the  same  paper  some  notes  on  the  bionomics  of  lice  were  given, 
and  some  experiments  along  the  line  of  control  were  mentioned, 
but  not  discussed.  The  object  of  this  paper  is  to  give  the  results 
of  those  experiments  and  some  others. 

The  writer  has  recently  encountered  the  idea  that  lice  were 
formerly  rather  rare  on  horses  in  this  country.  Dr.  E.  M. 
Houghton,  of  this  laboratory,  states  that  he  never  saw  them  on 
horses  during  his  boyhood  on  a  farm.  I  am  informed  by  my 
father  that  in  all  his  experience  as  a  cavalryman  in  the  United 
States  Army  in  Arizona  he  never  saw  lice  on  cavalry  horses.  On 
the  other  hand,  the  editor  of  an  agricultural  paper  stated  in  1916 
that  lice  were  often  found  on  horses  and  mules  in  olden  times, 
but  are  now  seldom  seen.  Whether  or  not  lice  were  rnore  or  less 
common  in  this  country  during  the  Civil  War,  and  for  some  time 
thereafter,  they  are  certainly  sufficiently  common  pe.sts  at  the 
present  time.  Among  the  horses  purchased  for  the  serum  work 
of  this  company  quite  a  number  are  found  to  be  infested  with  lice. 
The  same  is  true  of  horses  being  purchased  at  the  present  time  for 
our  army,  as  requests  for  information  as  to  control  measures 
indicate. 

The  control  of  lice  in  summer  is  a  comparatively  simple  mat- 
ter. Two  treatments  with  a  coal-tar  dip,  at  20-day  intervals, 
afford  a  cheap  and  adequate  treatment  without  toxic  effects  on  the 
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horse,  injury  to  the  skin,  or  loss  of  hair.  But  winter  weather  is 
not  suitable  for  this  treatment  under  most  conditions.  The  use 
of  an  aqueous  solution  of  any  sort  chills  the  animal  and  increases 
the  likelihood  of  pneumonia ;  the  dip  wets  the  horse,  and  wetting 
causes  chilling.  At  times  the  objection  may  be  overcome,  as  it  is 
largely  a  matter  of  labor  available  to  dry  the  animal  after  treat- 
ment. It  is  feasible  to  use  coal-tar  dips  in  winter,  and  to  protect 
the  animal  against  subsequent  bad  effects,  where  there  are  only  a 
few  animals  to  handle,  or  where  there  is  an  abundance  of 
available  assistance,  as  is  the  case  in  the  army  under  ordinary 
conditions.  The  armies  of  the  Allies,  according  to  Haas,  have 
dipped  horses  in  a  swim  vat  throughout  the  winter,  the  animals 
being  dried  and  blanketed  in  a  warm  room  when  it  was  available, 
or  being  blanketed  and  taken  to  the  stables  when  no  such  room 
was  available.  Something  of  the  sort  has  been  successfully 
accomplished  under  the  direction  of  Dr.  R.  H.  Wilson  with  the 
horses  on  serum  production  at  Parkedale.  This  is  a  possible  but 
not  always  attractive  solution  of  the  louse  problem ;  it  is  not 
always  a  feasible  solution. 

Broadly  speaking,  insecticides  may  be  applied  to  horses  in  one 
of  five  ways : 

(1  )    In  aqueous  preparations,  which  will  wet  the  skin. 

(2)  In  volatile  preparations,  which  will  evaporate,  wetting  the 
skin  only  transiently  and  drying  quickly. 

(3)  In  fatty  or  oily  prei^arations,  which  will  oil  the  skin,  but 
not  wet  it. 

(4)  In  powders,  which  will  not  wet  the  skin. 

(5)  In  fumes,  which  will  not  wet  the  skin. 

A  good  insecticide  should  be  effective,  cheap,  easy  to  ajjply, 
cleanly,  non-toxic  to  the  animal,  noii-injurimis  lo  the  skin,  and 
should  not  cause  depilatory  effects. 

A  discussion  of  the  advantages  and  disadvantages  of  the 
methods  given  above,  and  notes  on  experiments  with  some  of 
them,  are  given  in  the  following  portion  of  the  paper. 

( 1 )  Aqueous  preparations,  such  as  coal-tar  dips,  are  very 
satisfactory  forms  of  treatment  in  summer,  when  wetting  is  not 
disadvantageous.  In  winter  they  must  be  used  for  choice  on 
warm  days,  or  in  sheltering  structures,  and  the  animals  should 
be  quickly  anrl  thoroughly  dried,   rubbed  down,  and  blanketed. 
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Failure  to  provide  this  care  in  winter  may  result  in  pneumonia. 
This  is  the  best  known  and  best  established  method  of  killing  lice 
on  horses,  and  is  the  method  of  choice  wherever  applicable.  Since 
it  is  entirely  satisfactory  in  summer  and  not  in  winter,  eradication 
dipping  in  summer  may  be  regarded  as  the  best  treatment  for  lice ; 
this  avoids  the  aggravated  effects  of  lice  infestations,  and  the 
apparent  increase  in  number,  together  with  the  increased  difficul- 
ties and  danger  to  treatment  in  winter.  With  two  dippings  at 
suitable  intervals  (twenty  days),  dips  of  this  type  are  satisfactory 
on  practically  all  of  the  counts  noted  as  desirable  for  an  insecti- 
cide. 

(2)  Volatile  preparations  for  killing  lice  are  seldom  used  or 
recommended,  but  since  they  can  be  used  in  winter,  owing  to 
prompt  evaporation,  and  since  so  little  has  been  published  along 
this  line,  the  writer  made  some  tests  to  ascertain  at  fiist  hand 
some  of  the  possibilities  of  such  treatments. 

Of  the  volatile  substances,  two  which  deserve  early  considera- 
tion as  louse-killers  are  kerosene  and  gasolene.  These  substances 
have  proved  extremely  effective  against  lice  on  man,  and  have 
been  used  undiluted  with  very  little  resultant  dermatitis.  They 
are  comparatively  cheap  and  easy  to  obtain.  However,  kerosene 
is  inflammable,  and  is  notoriously  depilatory  and  irritant  for 
horses,  and  gasolene  is  too  inflammable  and  explosive  to  use 
around  stables  where  hay  and  straw  in  abundance  furnish  mate- 
rial for  a  conflagration.  Tests  of  kerosene  mixed  with  equal 
parts  of  linseed  oil  were  made  on  one  horse.  No.  2 ;  no  live  lice 
were  ever  found  on  the  horse  in  examinations  during  a  month 
after  treatment,  but  the  linseed  oil  did  not  prevent  the  depilatory 
action  of  the  kerosene  or  the  production  of  dermatitis.  A  sub- 
stance which  is  not  depilatory  and  not  explosive,  though  it  is 
inflammable,  is  methyl  alcohol  (wood  alcohol).  This  is  known  to 
have  lethal  and  toxic  properties,  is  easily  obtained,  and  is 
comparatively  cheap.  It  was  therefore  made  the  basis  of  most 
of  the  preparations  tested. 

The  first  of  the  methyl  alcohol  preparations  tested  was  made 
by  adding  fluid  extract  of  quassia  {Picrasma  excelsa)  to  methyl 
alcohol  in  the  proportion  of  3  ounces  of  the  fluid  extract  to  30 
ounces  of  alcohol,  or  1  part  to  10  by  volume.  The  horse  was 
sponged  twice  from  head  to  tail  with  this  preparation,  and  gone 
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over  with  a  brush  each  time  immediately  after  sponging.  A 
number  of  the  horses  treated  in  this  way  had  been  rubbing,  but 
no  lice  could  be  detected  on  them ;  others  had  lice,  but  were  not 
critically  examined  after  treatment,  so  that  no  conclusions  as  to 
efficacy  could  be  drawn ;  but  a  number  of  animals  found  infested 
with  Hcematopinus  were  treated,  and  were  subsequently  examined 
to  ascertain  the  efficacy  of  the  treatment.  Eight  horses  ( Nos. 
484,  517,  400,  601,  283,  409,  730,  and  471)  were  treated  for  lice, 
though  in  some  cases  no  lice  were  detected  in  spite  of  a  history 
of  the  animal  rubbing  itself ;  these  animals  were  not  subse- 
quently examined  for  lice,  though  casual  examination  in  some 
cases  indicated  that  the  animals'  coats  were  not  injured  by  the 
treatment.  Eight  other  horses  (Nos.  173,  69,  746,  610,  57,  310, 
706,  and  457)  were  treated  in  spite  of  the  fact  that  no  lice  were 
found  on  them ;  subsequent  examination  also  failed  to  detect  any 
lice,  so  no  conclusions  as  to  efficacy  could  be  drawn ;  the  animals' 
coats  were  not  injured  by  the  treatment.  Eight  others  (Nos.  278, 
491,  1,781,  452,  306,  677,  175,  and  449)  were  found  to  have  lice 
on  preliminary  examination,  and  were  examined  for  lice  after 
treatment.     The  results  were  as  follows : 

Horse  No.  278  had  many  lice.  For  several  days  after  treat- 
ment dead  lice  were  noticed  on  the  animal,  and  an  examination  on 
the  ninth  day  after  treatment  disclosed  only  one  live  louse.  Four- 
teen days  after  the  first  treatment  a  second  was  given.  Thirty- 
six  days  after  this  second  treatment  the  animal  was  carefully 
examined,  and  no  live  lice  were  found. 

Horse  No.  491  had  many  lice.  Nine  days  after  trcalincnt  no 
live  lice  were  found.  It  was  examined  again  fourteen  days  after 
treatment,  and  no  lice  were  foimd.  The  treatment  was  repeated 
on  this  day.  It  was  examined  twenty-one  and  thirty-six  days 
after  the  second  treatment,  and  no  lice  found  on  either  occasion. 

Horse  No.  1,781  had  lice.  Thirty-eight  days  after  treatment 
no  lice  were  found. 

Horse  No.  542  had  many  lice.  Twenty-one  days  after  treat- 
ment no  lice  were  found.  Thirty-six  days  after  treatment  one 
live  louse  was  found. 

Horse  No.  306  had  many  lice.  Twenty-one  days  after  treat- 
ment one  young  louse  was  found.  Thirty-six  days  after  treatment 
none  were  found. 


Horse  No.  677  had  many  lice.  It  was  examined  twenty-one 
days  and  thirty-six  days  after  treatment,  and  no  lice  were  found. 

Horse  No.  175  had  lice.  It  was  examined  twenty-one  and 
thirty-six  days  after  treatment  and  no  lice  found. 

Horse  No.  449  had  lice.  It  was  examined  thirty-six  days  after 
treatment  and  no  lice  found. 

Of  these  eight  horses,  five  had  large  numbers  of  lice,  and  three 
were  lousy  enough  to  make  the  finding  of  lice  on  them  before 
treatment  an  easy  matter.  In  eleven  examinations  after  treat- 
ment no  lice  were  found ;  in  two  examinations,  at  intervals  of 
twenty-one  and  thirty-six  days  after  treatment,  one  louse  was 
found  in  each  case,  one  of  them  being  evidently  a  young  louse 
which  had  hatched  subsequently  to  treatment.  This  appears  to 
be  conclusive  evidence  that  the  treatment  will  kill  lice  present  on 
the  animal.  It  is  possible  that  the  treatment  exerts  a  detrimental 
effect  on  the  louse  eggs,  but  it  is  evident  that  as  administered 
some  eggs  escape  this  effect  and  hatch.  Probably  two  treatments 
at  a  twenty-day  interval,  if  properly  given,  would  completely  free 
a  horse  from  lice,  so  that  it  may  be  regarded  as  a  fairly  satisfac- 
tory control  measure  for  lice  in  winter  where  dipping  is  not 
feasible. 

A  second  methyl  alcohol  preparation  was  made  with  methyl 
alcohol  as  a  base  and  contained  10  per  cent,  fluid  extract  of 
quassia,  as  in  the  foregoing  preparation,  and  also  5  per  cent, 
glacial  acetic  acid,  and  1  per  cent,  coal-tar  creosote  oil.  Two 
horses,  Nos.  339  and  1,218,  were  treated  with  this  preparation. 
No  lice  were  found  at  the  time  of  treatment,  or  seven  or  forty 
days  after  treatment,  so  there  were  no  conclusions  as  to  its 
efficacy,  but  the  treatment  had  no  bad  effects  on  the  animals  or  on 
the  skin  or  hair. 

A  third  methyl  alcohol  preparation  was  made  with  20  parts 
methyl  alcohol,  2  parts  glacial  acetic  acid,  and  2  parts  coal-tar 
creosote  oil.  Two  horses,  Nos.  55  and  396,  were  treated  with  this 
preparation  as  follows : 

Horse  No.  55  had  many  lice.  Seven  days  after  treatment  it 
still  had  many  lice  and  the  coat  was  roughened.  Thirteen  days 
after  treatment,  it  still  had  many  lice,  and  was  then  treated  with 
plain  methyl  alcohol.  Twenty-seven  days  later  no  lice  were  found 
on  examination,  and  the  coat  was  smooth.    The  methyl  alcohol  to 
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which    other    ingredients    had    been    added,    as    noted,    seemed 
inferior  to  methyl  alcohol  alone  and  exerted  an  injurious  etfect  on 
the  coat. 

Horse  No.  396  was  examined  for  lice,  but  none  were  found. 
It  was  given  the  same  treatment  as  was  given  No.  55  the  first 
time ;  seven  days  later  no  lice  were  found,  but  the  coat  was  rough. 
Forty  days  after  treatment  no  lice  were  found,  and  the  coat  was 
again  smooth.     No  conclusions  as  to  efficacy  in  this  case. 

The  mixture  used  seems  to  be  unsatisfactory  as  regards 
efficacy  and  effect  on  the  coat. 

A  fourth  methyl  alcohol  preparation  was  made  with  400  parts 
methyl  alcohol,  20  parts  glacial  acetic  acid,  and  5  parts  coal-tar 
creosote  oil. 

Eight  horses  were  treated  with  this  as  follows: 

One  horse,  No.  24,  was  examined  for  lice,  but  none  were 
found.  It  was  giveen  the  treatment  noted  above.  Seven  days 
later  no  lice  were  found,  but  the  coat  was  roughened.  Forty  days 
later  no  lice  were  found,  and  the  coat  was  smooth. 

Seven  horses  had  lice  and  were  treated  with  the  above  prepara- 
tion with  the  following  results: 

Horse  No.  709  had  lice.  Seven  days  after  treatment  no  live 
lice  were  found,  but  the  coat  was  roughened.  Forty  days  after 
treatment,  one  live  louse  was  found ;  the  coat  was  smooth. 

Horse  No.  312  had  lice.  Seven  days  after  treatment  no  lice 
were  found,  but  the  coat  was  roughened.  Forty  days  after  treat- 
ment no  lice  were  found,  and  the  coat  was  smooth. 

Horse  No.  303  had  lice.  Seven  days  after  treatment  a  young 
louse  and  one  older  louse  were  found.  The  coat  was  roughened. 
Thirteen  days  after  treatment  one  young  louse  was  found.  About 
this  time  the  treatment  was  repeated.  Forty  days  after  the  first 
treatment  the  horse  was  examined  and  no  lice  found ;  the  coat 
was  smooth. 

Horse  No.  9  had  many  lice.  Seven  days  after  treatment  no 
lice  were  found.  The  coat  was  roughened.  Forty  days  after 
treatment  two  lice  were  found.     The  coat  was  smooth. 

Horse  No.  490  had  lice.  Seven  days  after  treatment  no  lice 
were  found.    The  coat  was  roughened. 

Horse  No.  365  had  lice.  Seven  days  after  treatment  no  lice 
were  found.    The  coat  was  roughened. 
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Horse  No.  1758  had  lice.  Seven  days  after  treatment  no  lice 
were  found.  The  coat  was  roughened.  Forty  days  after  treat- 
ment two  lice  were  found.    The  coat  was  again  smooth. 

In  the  foregoing  tests  of  this  fourth  methyl  alcohol  prepara- 
tion, six  of  the  seven  horses  had  lice  enough  to  find  easily,  and 
the  seventh  had  a  heavy  infestation.  In  thirteen  examinations 
after  treatment  no  lice  were  found  in  eight  examinations ;  one 
louse  was  found  in  each  of  two  examinations,  and  two  lice  were 
found  in  each  of  three  examinations.  Of  the  eight  lice  found 
after  treatment  two  were  evidently  young  lice,  and  it  is  quite 
possible  that  some  of  the  other  lice  had  hatched  after  treatment. 
The  coat  was  rough  a  week  after  treatment  and  smooth  forty  days 
after  treatment. 

In  the  cases  already  noted  in  this  paper,  the  lice  were  hcemato- 
piniis.  Trichodectes,  as  already  noted  (Hall,  1917),  was  only 
found  on  two  horses,  in  both  cases  in  heavy  infestations.  The 
lice  were  destroyed  on  one  horse.  No.  772,  as  previously  pub- 
lished, by  the  application  of  sodium  fluoride.  The  other  horse. 
No.  773,  was  sponged,  as  described,  with  methyl  alcohol.  Fifteen 
days  after  treatment  no  lice  were  found. 

Sponging  with  methyl  alcohol,  alone  or  with  the  addition  of 
fluid  extract  of  quassia,  or  of  glacial  acetic  acid  and  coal-tar 
creosote  oil,  is  a  fairly  effective  control  measure  for  lice  on  horses 
in  winter.  It  must  be  applied  thoroughly  and  carefully,  but  if  so 
applied  it  is  likely  that  two  treatments  at  a  suitable  interval, 
twenty  days,  would  completely  free  a  horse  from  sucking  or 
biting  lice.  The  methyl  alcohol  is  somewhat  unpleasant  to  handle, 
and  the  fact  that  it  is  inflammable  must  be  kept  in  mind. 

Some  experiments  in  vitro  covering  volatile  substances  primar- 
ily, but  incidentally  some  non-volatile  ones,  were  carried  out  as 
follows ; 

Lice  were  taken  in  lots  of  eight  or  more  and  momentarily 
immersed  in  the  fluids  noted  below  ;  the  immersion  being  just  long 
enough  to  wet  the  lice  and  the  horse  hairs  to  which  they  clung ; 
they  were  then  lifted  out  and  placed  with  the  hairs  in  a  bottle. 
This  was  incidental  work,  which  was  interrupted  at  times  by  more 
urgent  matters,  and  there  are  wide  breaks  in  some  of  the  obser- 
vations. 
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H.EMATOPINUS   ASINI. 

Kerosene. — No  sign  of  life  after  dipping. 

Kerosene,  10%  ;  Methyl  alcohol,  90%. — Some  alive  1  hour  and 
35  minutes  later;  all  dead  19  hours  later. 

Glacial  acetic  acid,  10%  ;  water,  90%. — Some  alive  S  minutes 
later;  all  dead  19  hours  later. 

Glacial  acetic  acid,  25%  ;  water,  75%. — No  sign  of  life  after 
dipping. 

Glacial  acetic  acid,  50%  ;  water,  50%. — No  sign  of  life  after 
dipping. 

Glacial  acetic  acid. — No  sign  of  life  after  dipping. 

Glacial  acetic  acid,  10%  ;  methyl  alcohol,  90%. — One  louse 
alive  3  hours  and  35  minutes  later,  others  dead ;  all  dead  in  13 
hours. 

Glacial  acetic  acid,  'i'/(  ;  methyl  alcohol.  !'■!%;  coal-tar  creo- 
sote oil,  1%. — No  sign  of  life  after  dipping. 

Methyl  alcohol. — No  sign  of  life  after  dipping. 

Methyl  alcohol,  90%  ;  fluid  e.vtract  of  quassia,  10%. — No  sign 
of  life  after  dipping. 

Fluid  extract  of  quassia,  10%  ;  zvater,  907o. — AH  alive  an  hour 
later;  all  dead  in  22  hours. 

Coal-tar  creosote  dip  {Kreso  dip  Ko.  1 ),  1%;  Methyl  alcohol. 
99%. — No  sign  of  life  after  dipping. 

Coal-tar  creosote  dip  {Kreso  dip  No.  1),  1.6%  ;  water,  98.4%. 
— All  alive  5>^  minutes  later ;  all  dead  in  21  hours. 

Liquid  petrolatum  (American  oil). — Lice  moved  for  a  few 
moments  and  gave  no  sign  of  life  afterwards. 

Checks.— Kept  at  same  temperatures,  21-24.5°  C. ;  ail  dead  in 
23  hours. 

TRiciionr.cTics  I'li.osus. 

Methyl  alcohol,  90%  :  lluid  e.vtract  of  ,/in;.M/i(,  10%.— -No  sign 
of  life  after  dipping. 

Coal-tar  creosote  dip  {Kreso  dip  Nu.  1),  1%  ;  methyl  alcohol, 
',)<j%, — One  alive  in  2  hours  and  50  minutes;  others  dead:  all 
dead  in  21^  hours. 

Coal-tar  creosote  {Kreso  dip  No.  1),  1.6%;  water.  98.4%.— 
One  alive  30  hours  later ;  all  dead  in  45  hours. 

Fluid  extract  of  quassia.  10%  ;  water,  90%. — Four  alive  48 


hours  later;  one  alive  147  hours  (over  6  days)  later;  all  dead  in 
7  days. 

Liquid  petrolatum  (American  oil). — Lice  moved  for  a  few 
moments  and  gave  no  signs  of  life  afterward. 

Checks. — Some  were  alive  at  the  end  of  103  hours ;  all  dead  in 
120  hours. 

A  consideration  of  these  experiments  indicates  that  Hama- 
topinus  only  lives  a  short  time  oflf  its  host,  regardless  of 
insecticidal  treatments  applied,  so  that  unless  an  insecticide  kills 
rapidly,  little  can  be  inferred.  Some  insecticides  are  extremely 
effective,  but  slow  in  their  action,  and  sucking  lice  die  too  soon  to 
permit  of  conclusions  in  regard  to  the  action  of  such  insecticides. 

Of  the  substances  tested  on  Hcrmatopinus,  the  following  killed 
immediately  or  almost  immediately :  Kerosene ;  glacial  acetic  acid 
in  strengths  of  25,  50,  and  100%  ;  glacial  acetic  acid,  5%  ;  methyl 
alcohol,  94%  ;  coal-tar  creosote  oil,  1%  ;  methyl  alcohol;  coal-tar 
creosote  dip  (Kreso  dip  No.  1)  1%,  methyl  alcohol  99%  ;  methyl 
alcohol  90%,  fluid  extract  of  quassia  10%  ;  and  liquid  petro- 
latum (American  oil).  It  is  practically  impossible  to  draw  con- 
clusions from  the  other  experiments,  except  to  the  effect  that  the 
substances  used  are  not  immediately  or  rapidly  lethal  for  Hcema- 
topinus  when  subjected  to  momentary  immersion  in  them. 

Of  the  substances  tested  on  Trichodectes  the  following  killed 
immediately,  or  almost  immediately:  Methyl  alcohol,  90%,  fluid 
extract  of  quassia,  10%  ;  and  liquid  petrolatum  (American  oil). 
The  following  were  evidently  effective,  but  slower  in  their  action, 
the  relatively  long  time  between  immersion  and  death  resulting 
from  shortening  the  time  element  in  the  immersion  :  Coal-tar  creo- 
sote dip  (Kreso  dip  No.  1)  1%,  methyl  alcohol  99%,  and  coal- 
tar  creosote  dip  (Kreso  dip  No.  1)  1.6%,  water  98.4%.  Fluid 
extract  of  quassia  was  evidently  devoid  of  insecticidal  action  on 
Trichodectes  as  used  {i.e.,  by  momentary  immersion),  for  the 
insects  treated  outlived  their  checks. 

It  is  rather  surprising  to  find  that  either  kerosene  or  methyl 
alcohol  was  immediately  lethal  for  Hamatopinus,  but  a  mixture 
of  10%  kerosene  and  90%  methyl  alcohol  was  much  less  effec- 
tive, some  lice  being  alive  an  hour  and  35  minutes  later.  Simi- 
larly, it  is  surprising  to  find  that  90%  methyl  alcohol  with  10% 
fluid  extract  of  quassia  (fluid  extract  of  quassia  in  the  experi- 
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ment  with  Trichodectes  being  ineffective  in  momentary  immer- 
sion) was  immediately  lethal,  whereas  90%  methyl  alcohol  with 
10%  glacial  acetic  acid  (glacial  acid  being  immediately  lethal  in 
25  %  solution)  left  one  louse  still  alive  3  hours  and  35  minutes 
later. 

Not  too  much  ma\-  be  concluded  from  the  foregoing  experi- 
ments, but  everything  indicates  that  methyl  alcohol  may  be  used 
successfully  in  lice  control  in  winter.  The  horse  should  be  sponged 
with  a  liberal  amount  of  alcohol,  then  brushed,  then  sponged  and 
brushed  again.  If  this  work  is  not  done  carefully,  the  failure  to 
get  results  will  show  it.  While  the  alcohol  may  exert  a  detri- 
mental effect  on  the  louse  egg,  and  probably  does,  an  effective 
exposure  of  the  eggs  to  the  alcohol  can  hardly  be  assured  by 
sponging,  and  two  treatments  at  20-day  intervals  would  be 
indicated  for  eradication  measures. 

(3)  Fatty  or  oily  preparations  are  not  infrequently  recom- 
mended for  freeing  horses  from  lice.  They  are  objectionable  on 
account  of  the  fact  that  such  preparations  are  rubbed  off  the 
horse  on  to  the  stall,  harness  and  everything  else  with  which  the 
horse  comes  in  contact,  and  if  the  persons  who  have  occasion  to 
handle  the  horse  escape  soiling  their  clothing  from  the  horse 
direct,  they  will  usually  succeed  in  soiling  it  from  contact  with 
these  objects.  Furthermore,  fats  and  oils  are  frequently  depila- 
tory for  horses  and  must  be  used  with  caution.  WMiy  a  horse  is 
so  prone  to  lose  hair  on  apparently  trifling  provocation  does  not 
seem  to  be  well  known,  but  it  is  well  known  that  they  lose  it.  In 
this  connection  it  will  be  noticed  that  tests  in  vitro  showed  liquid 
petrolatum  (American  oil)  to  be  very  effective  against  both 
species  of  lice.  Lest  someone  should  test  liquid  petrolatum  in 
practice  as  a  louse  killer,  I  hasten  to  add  that  it  is  also  depilatory. 
My  attention  was  called  to  the  fact  that  liquid  petrolatum  is 
depilatory  by  Dr.  David  Buckingham,  of  Washington,  D.C.,  about 
two  years  ago,  and  I  have  confirmed  the  fact  by  test  since. 

The  only  oily  dressing  I  have  tested  to  any  extent  as  a  treat- 
ment for  lousiness  in  the  horse,  is  horse  fat.  Kirk  (1917) 
recommended  this  fat  for  oily  dressings  in  very  bad  cases  of 
mange,  as  a  preliminary  to  dii)])ing  in  a  calcium  sul]ihide  dip.  He 
states:  "I  am  certainly  sure  that  an  oily  dressing  does  blister  the 
skin,  no  matter  what  oil  is  used — with  one  exception — and  that  is 


the  oil  obtained  from  the  boihng  down  of  carcasses  of  the  horse. 
The  fat  obtained  in  this  way  appears  to  have  not  the  least  deroga- 
tory effect  on  the  skin,  but  on  the  contrary  is  of  very  great  value, 
and  it  can  be  confidently  recommended."  Kirk  has  nothing  to 
say  in  regard  to  using  this  horse  fat  to  combat  lice,  but  as  it 
appears  from  investigations  in  the  control  of  lice  on  man  that 
such  substances  as  petrolatum  are  substantially  as  effective  as 
medicated  preparations  having  petrolatum  as  a  base,  the  action 
being  primarily  mechanical  and  consisting  in  coating  and  suffo- 
cating the  louse,  it  seemed  evident  that  horse  fat  would  kill  lice, 
and,  according  to  Kirk's  report,  would  not  injure  the  horses' 
coats. 

We  tested  horse  fat,  or  a  mixture  of  4  parts  horse  fat  and  1 
part  linseed  oil,  containing  3  per  cent  coal-tar  creosote  oil,  on 
fourteen  horses,  the  weather  at  the  time  being  very  cold,  some- 
times above  zero,  and  sometimes  below,  but  seldom  much  above 
zero.  The  fat  was  obtained  from  a  rendering  tank  and  had  a 
melting  point  around  25°  C.  (77°  F.).  The  fat  was  melted  by 
immersion  in  a  container  in  water  heated  by  steam  until  the  fat 
was  fluid,  and  the  melted  fat  was  applied  to  the  horse  by  means 
of  sponges  or  wads  of  cotton  batting.  During  the  cold  weather 
then  prevailing  the  fat  on  the  ends  of  the  hair  would  promptly 
chill  out  and  solidify  soon  after  the  animals  were  returned  to 
the  barns,  the  chilled  fat  pasting  clumps  of  hair  together  in  quills. 
When  this  was  brushed  or  combed,  fat  from  the  warmer  region, 
close  to  the  body,  would  slowly  flow  out  on  the  hair  and  solidify 
in  turn.  The  quilling  effect  exposed  the  skin  to  the  cold,  with 
the  result  that  these  horses  would  shiver  in  cold  weather  when 
other  horses  were  standing  still  and  showing  no  indications  of 
being  cold.  Offhand  one  would  suppose  that  oil  or  fat  on  the 
body  would  aid  in  keeping  it  warm,  but  experience  proved  that 
this  was  not  the  case,  the  reason  being  apparently  the  quilling  or 
clumping  of  the  hairs  and  the  consequent  exposure  of  the  skin 
between  the  hair  clumps. 

Of  the  fourteen  horses  treated  with  horse  fat,  six  were  not 
groomed  for  several  days  after  treatment,  the  idea  being  that  the 
fat  would  not  injure  the  coat  and  that  it  would  serve  to  kill  young 
lice  as  they  hatched,  provided  they  hatched.  These  horses  suf- 
fered depilatory  effects,  some  of  them  losing  large  amounts  of 


hair,  contrary  to  what  Kirk's  recommendations  had  led  us  to 
expect.  The  other  eight  horses  were  groomed  the  day  after 
treatment  and  the  fat  removed  daily  with  comb  and  brush  and 
rag  as  fast  as  it  flowed  down  the  hairs  and  congealed.  These 
horses  did  not  suffer  depilatory  effects 

To  test  out  the  apparent  fact  that  horse  fat  would  not  cause 
depilatory  effects  where  it  was  not  allowed  to  remain  too  long, 
four  additional  horses  were  treated.  As  soon  as  the  first  animal 
was  treated  the  fat  was  scraped  off  as  completely  as  possible  with 
sweat-scrapers.  A  second  animal  was  treated,  and  then  curried 
immediately.  A  third  animal  was  treated,  and  sent  back  to  the 
barn  with  instructions  to  curry  it  promptly  and  as  often  a.'^  neces- 
sary to  keep  down  the  accumulation  of  fat  on  the  hairs.  A  fourth 
animal  was  treated  and  then  washed  down  with  methyl  alcohol 
to  remove  the  excess  fat;  this  was  not  a  very  satisfactory  way  of 
removing  the  fat.  All  horses  were  curried  daily.  None  of  them 
suffered  depilatory  effects.  The  use  of  the  sweat-scraper  proved 
the  most  satisfactory  method  of  removing  the  excess  fat  and 
preventing  depilation.  Apparently  the  excess  fat  exerts  a  "smoth- 
ering" effect  on  the  hair  follicles.  This  is  not  intended  as  a  lucid 
and  scientific  explanation  of  the  loss  of  hair ;  it  is,  however, 
substantially  as  lucid,  scientific,  and  plausible  as  most  of  the 
explanations  for  bald-headedness  in  men. 

Horse  fat  proved  entirely  effective  as  a  louse  killer.  It  had 
some  effect  on  the  eggs,  as  only  seven  hatched  out  of  several  dozen 
tested  after  removal  from  horses  treated  with  the  fat,  and  none 
hatched  out  of  forty-seven  removed  from  a  horse  after  treatment 
with  the  horse-fat  linseed  oil  creosote  oil  mixture. 

The  eggs  in  both  lots  looked  abnormal.  They  were  dis- 
colored, shriveled,  or  contained  air  bubbles,  as  a  rule.  It  seems 
quite  reasonable  that  hardening  films  of  fat  would  seal  the 
embryo  away  from  its  necessary  oxygen  sup[)ly,  and  perhaps  seal 
the  lid  of  the  egg  against  efforts  of  the  young  louse  to  escape  from 
the  shell. 

(4)  Powders  are  sometimes  used  against  lice,  but  with  the 
exception  of  sodium  fluoride,  wiiich  the  writer  (Hall,  1917) 
found  entirely  effective  against  biting  lice,  and  entirely  ineffective 
against  sucking  lice,  powders  are  usually  unsatisfactory.  The 
effectiveness  of  ordinary  louse  powders  is  largely  a  function  of 


those  constituents  which  arc  simuhaneously  volatile  and  toxic. 
The  toxic  effectiveness  of  volatile  substances  is  largely  determined 
by  the  degree  of  concentration  of  the  volatilized  material,  and  in 
applying  a  powder  of  the  sort  to  a  horse  one  is  working  under  a 
set  of  circumstances  which  make  for  ineffectiveness.  A  powder 
which  is  fundamentally  good  will  kill  some  lice  and  stupefy  others, 
but  the  latter  will  recover  as  the  material  capable  of  volatilizing 
is  driven  off  by  the  heat  of  the  animal's  body.  Experiments  and 
experience  show  that  the  idea  that  finely  pulverized  material  clogs 
the  breathing  apertures  of  insects  and  so  mechanically  suffocates 
them  is  not  tenable,  or  the  actual  injury  so  accomplished  is  usually 
very  slight. 

Inasmuch  as  naphthalene  is  one  of  the  most  effective  of  the 
powdered  insecticides,  being  the  principal  constituent  of  many 
insect  powders,  and  practically  the  sole  constituent  of  "moth 
balls,"  a  test  was  made  of  a  mixture  of  approximately  equal  parts 
of  naphthalene  and  plaster  of  Paris,  horse  being  covered  with  the 
mixture,  then  covered  with  gunny  sacks  with  the  mixtures  rubbed 
into  them,  and  finally  blanketed  for  20  minutes  to  hold  the  vola- 
tilized naphthalene  as  much  as  possible.  The  horse  was  said  to  be 
lousy,  but  we  saw  no  lice.  Nine  days  later  the  horse  was  exam- 
ined and  a  number  of  lice  found. 

Another  horse  was  tested  with  a  mixture  made  up  on  the 
formula  of  the  "Lawry  lice  powder,"  but  substituting  a  coal-tar 
creosote  oil  for  the  crude  carbolic  acid  in  the  following  formula : 
Mix  3  parts  of  gasoline  with  1  of  crude  carbolic  acid,  and  stir  in 
enough  plaster  of  Paris  to  make  a  dry  powder.  This  mixture 
was  applied  to  a  lousy  horse  and  the  horse  blanketed  for  half  an 
hour.     Nine  days  later  the  horse  was  still  lousy. 

In  the  control  of  lice  on  man,  louse  powders  have  proved  to  be 
of  more  value  as  palliative  measures  than  as  eradicative  measures. 
They  appear  to  be  of  service  principally  in  tiding  over  individuals 
who  become  infested  under  conditions  that  do  not  permt  of  ade- 
quate insecticidal  treatment  at  the  time.  Since  this  is  the  case  in 
regard  to  lice  infestations  on  man,  where  the  clothing  can  be 
utilized  to  hold  the  powder  and  its  vapors,  still  less  success  may 
be  anticipated  in  lice  infestation  on  horses  where  the  vapors  from 
volatile  constituents  can  pass  readily  through  the  short  coat  of 
hair  and  escape. 


(5)  The  application  of  insecticides  in  the  form  of  fumes  to 
horses  is  hardly  feasible  under  the  ordinary  conditions  of  veterin- 
ary practice,  as  some  sort  of  fumigation  chamber  must  be  provided 
in  order  to  expose  the  body  of  the  horse  to  the  fumes  and  at  the 
same  time  to  provide  the  horse  with  air  free  from  toxic  fumes  to 
breathe  during  the  fumigation  process.  However,  under  condi- 
tions where  the  number  of  horses  and  the  need  of  treatment 
warrant  it,  this  method  of  treatment  may  be  used.  It  has  been 
used  during  the  present  war  in  the  control  of  mange  in  French 
horses,  and  the  fumigant  used  there  in  the  control  of  mange, 
sulphur  dioxide,  has  also  been  found  adequate  for  the  control  of 
lice.  The  writer  has  never  tested  fumigation  as  a  control  measure 
for  lice. 

I  take  pleasure  in  acknowledging  the  friendly  co-operation  and 
assistance  of  Dr.  R.  H.  \\'ilson  and  Dr.  L.  A.  Maze  in  carrying 
out  these  experiments. 

SUM.M.\RV. 

The  best  control  measure  for  lice  on  horses  is  eradicalive  dip- 
ping in  summer.  There  are  numerous  aqueous  solutions  that  are 
satisfactory,  the  ones  in  most  common  use  being  coal-tar  dips. 
These  preparations  are  effective,  uninjurious,  comparatively 
cheap,  and  readily  obtainable.  Their  use  in  winter  is  feasible  at 
times,  but  is  limited  by  the  danger  of  chilling,  and  consequent 
production  of  pneumonia.  Eradication  dipping  calls  for  two  dip- 
pings at  a  20-day  interval. 

Of  the  volatile  substances  that  may  be  used  for  lice  control  in 
winter,  methyl  alcohol  seems  to  be  the  most  satisfactory  of  the 
things  tested,  as  it  is  effective,  is  not  too  expensive ;  and  does  not 
injure  the  hair  or  coat.  It  is  inflammable  and  somewhat  unpleas- 
ant to  handle.  It  cannot  be  depended  on  to  kill  eggs,  so  two 
treatments  at  a  20-day  interval  are  indicated. 

Of  the  fatty  or  oily  substances  that  may  be  used  for  lice 
control  in  winter,  horse  fat  appears  to  be  a  fairly  cheap  and  satis- 
factory representative.  It  should  be  melted  and  ai)plicd,  and  the 
excess  promptly  scraped  off  with  a  sweat-scraper.  After  treat- 
ment the  horses  should  be  thoroughly  groomed  daily  to  remove 
the  fat  which  flows  to  the  tip  of  the  hairs.  The  treatment  has  the 
disadvantage  of  greasing  the  clothing,  stalls,  harness,  and  other 
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things   with  which  it  comes  in  contact.      Contrary  to  what  one 
might  expect,  horses  so  treated  will  be  colder  in  very  cold  weather 
than  horses  not  treated. 

It  is  non-irritant,  but  if  it  is  left  on  and  the  horses  are  not 
groomed  for  several  days,  it  has  a  depilatory  action.  It  appears 
to  be  injurious  to  eggs,  but  some  eggs  will  hatch  after  this  treat- 
ment so  that  eradication  would  call  for  a  second  treatment  at  a 
20-day  interval.  Most  oils,  whether  fixed  or  volatile,  are 
depilatory  for  horses,  and  the  volatile  oils  are  commonly  irritant 
as  well,  producing  dermatitis. 

Powders  do  not  appear  to  be  very  satisfactory  substances  for 
the  control  of  lice  on  horses.  They  are  not  especially  effective  on 
man,  where  conditions  are  better  and  where  many  tests  of  various 
preparations  have  been  made.  They  apparently  exert  no  effect  on 
the  eggs  and  can  only  be  regarded  as  palliative,  killing  a  few  lice, 
and  temporarily  stupefying  or  disturbing  others. 

Fumigation  with  sulphur  dioxide  appears  to  be  a  dependable 
measure  for  the  control  of  lice  on  horses,  but  it  has  only  limited 
application.  It  appears  to  be  a  useful  measure  in  the  army,  where 
it  is  intended  primarily  as  a  treatment  for  scabies. 
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INTRODUCTION. 

The  experiments  carried  out  by  Gudernatsch'  in  ]91"2  upon  the 
growth  of  tadpoles  after  thyroid  gland  feeding,  have  been  re- 
peated in  this  laboratory  during  four  summer  seasons.  In  short, 
Gudernatsch  observed  that  tadpoles  whose  normal  metamorphosis 
into  frogs  occupied  from  three  to  six  months,  completed  this 
metamorphosis  in  five  to  ten  days  when  small  quantities  of 
thyroid  gland  substance  were  added  one  or  more  times  to  the 
living  water  of  the  tadpoles.  This  induced  early  differentiation 
into  frogs,  including  all  the  gross  changes  normally  distributed 
over  several  months.  The  miniature  frogs  so  produced,  although 
apparently  anatomically  perfect,  were  unstable  and  regularly 
died  after  a  few  days. 

In  all  essential  respects  our  findings  have  been  in  accord  with 
Gudernatsch's  reports.  The  experiments  of  this  laboratory  were 
extended  to  include  low  life  forms  other  than  tadpoles  and  also 
tadpoles  of  certain  frog  species  whose  metamorphosis  normally 
extends  over  two  or  more  years.  An  effort  was  made  to  de- 
termine the  influence  of  thyroid  feedings  upon  the  growth  and 
differentiation  of  tadpoles  whose  natural  development  had  been 
deviated  by  diverse  procedures. 

The  present  report  concerns  itself  with  observations  made  as 
to  the  development  of  thyroid-fed  tadpoles  which  had  been  ex- 
posed to  the  action  of  the  .r-ray. 

Three  distinct  theories  have  been  advanced  to  explain  the 
action  of  the  Roentgen  ray  upon  normal  tissue  cells.  One  of 
these,  adhered  to  by  O.  Hertwig-  and  his  coworkers  (1912),  is 
that  the  rays  exert  a  specific  destructive  action  upon  the  chro- 
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matin  of  the  cells.  Opposed  to  Hertwig's  hypothesis  is  the  older 
theory  proposed  by  Schwartz^  (1903),  who  concludes  from  the 
observation  of  the  destructive  action  of  the  Roentgen  ray  upon 
the  lecithin  of  egg  yolk,  that  the  injury  to  the  cells  is  due  to  the 
destruction  of  the  lecithin  which  they  contain. 

Richards*  (1914-15)  has  shown  that  the  activity  of  various 
enzymes  or  ferments,  of  both  animal  and  vegetable  origin,  is 
susceptible  to  change  through  the  influence  of  Roentgen  rays.  He 
concludes  from  his  experiments  that  "a  short  radiation  has  the 
effect  of  accelerating  the  activity  of  these  enzymes  (diastase  and 
pepsin),  while  longer  radiation  is  inhibitive.  Between  these 
strengths  lies  a  point  at  which  the  radiation  is  non-effective." 
His  observations  on  pepsin  and  diastase  have  since  been  ex- 
tended to  include  other  enzymes,  the  results  all  tending  to  confirm 
his  original  conclusions.  He  advances  the  theory,  therefore, 
that  "life  processes  are  subject  to  marked  change  under  the 
influence  of  radiation,  a  slight  exposure  being  accelerative  in 
most  cases,  while  a  more  intense  treatment  is  inhibitive  or  de- 
structive. As  a  causal  factor  in  these  effects,  the  demonstrable 
injury  to  the  chromatin  of  the  cell  is  undoubtedly  important : 
but  there  are  also  good  evidences  that  the  modifiability  of  enzyiues 
under  the  action  of  the  rays  likewise  plays  a  considerable  part 
cither  directly  or  indirectly  in  the  resulting  injury." 

MATERIALS  AND  METHODS. 

The  tadpoles  collected  to  participate  in  these  experiments  con- 
formed within  the  acceptable  limits  in  weight,  length  and  in  stage 
of  development.  These  were  maintained  in  large  shallow  trays 
under  good  condition  as  to  light,  air  and  aeration  of  living  water. 
The  food,  apart  from  thyroid  gland  materials,  consisted  of  green 
algae  supplemented  at  intervals  with  small  (|uantitics  of  desic- 
cated beef  liver. 

Tadpoles  of  the  species  Rana  cantesbiana  (bull-frog)  exclu- 
sively were  used.  The  individuals  of  this  species  normally  live 
for  at  least  two  years  in  the  larval  state.  This  fact  permitted 
the  use  of  larvae  representing  two  widely  different  stages  of  de- 
velopment. The  younger  group  (Experiment  A)  was  composed 
of  tadpoles  ainiroximatcly  one  year  old.  .Xt  this  stage  the  indi- 
viduals I'xliibilcil  no  ^igTls  nf  dilTcrontiation  into  llic  adull    furui. 
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The  second  group  (Experiment  P)  was  composed  of  tadpoles 
not  quite  two  years  old.  These  tadpoles  would  under  the  natural 
conditions  have  completed  their  metamorphosis  before  the  end 
of  the  summer.  The  controls  in  this  experiment  actually  did 
complete  their  metamorphosis,  but  long  after  the  conclusion  of 
the  experiment. 

In  both  experiments  (1st  and  2nd  year  groups)  the  tadpoles 
were  divided  into  four  equal  and  similar  lots.  Two  lots  in  each 
experiment  were  then  subjected  to  the  rays  from  a  Coolidge  tube 
according  to  the  following  standardized  formula:* 

Experiment  A.  Experiment  P. 

Current     6      milliamperes  12  milliamperes 

Spark   Gap    8      inches  7  inches 

Distance   from    Anode 12      inches  12  inches 

Time     2  ^  minutes  4  minutes 

Tadpoles  of  Experiment  A  were  irradiated  a  second  time  one 
week  later,  under  identical  conditions  except  that  the  current  was 
doubled. 

In  each  experiment  one  irradiated  group  and  one  untreated 
group  were  placed  on  thyroid  feedings  while  the  second  irradiated 
group  and  the  second  control  group  were  kept  on  the  desiccated 
liver  and  algae  diet.  The  thyroid  was  administered  by  scattering 
100  mgms.  of  the  commercial  desiccated  product  in  the  living 
water. 

After  the  death  or  complete  metamorphosis  of  all  the  thyroid- 
fed  tadpoles  of  Experiment  A,  and  tabulation  of  the  accrued 
data,  the  two  remaining  control  groups  were  again  divided.  Half 
of  each  group  was  placed  on  thyroid  treatment  identical  with  that 
described  above.  This  second  feeding  was  started  one  month 
after  the  irradiation  of  the  tadpoles. 

The  alterations  in  size  and  shape  of  the  tadpoles  incident  to 
their  development  were  recorded  by  means  of  a  method  of 
''shadow  photography."  This  procedure  afforded  a  permanent 
and  relatively  accurate  record  of  the  growth.  For  the  purposes 
of  carrying  out  this  photographic  mensuration  a  temporary  dark 
room  was  constructed  near  tlie  tables  containing  trays  of  tad- 
poles. In  this  dark  room  was  placed  a  small  shallow  rectangular 
glass  container  (2"x4")  with  a  smooth  flat  bottom.  Photographic 
printing  paper  was  cut  in  such   size  as  to  fit  exactly   into  the 

*The  tadpoles  were  irradiated  by  Dr.  George  C.  Cheiie.  Detroit.  Our  thanks 
are  due  him  for  his  courtesy. 


rectangular  container.  One  piece  of  this  paper  was  placed  in 
this  container  sensitive  side  up.  Superimposed  upon  the  sensitive 
paper  was  a  mask  of  transparent  celluloid  upon  which  had  been 
printed  lines  at  millimeter  intervals.  Representative  tadpoles  to 
be  measured  were  taken  from  their  trays,  placed  in  small  beakers 
in  a  constant  quantity  of  clear  water.  To  this  was  added  a  few 
drops  of  chloroform  (two  to  ten,  depending^  upon  the  size  of  the 
tadpoles)  to  prevent  their  moving  while  being  photographed.  As 
soon  as  the  tadpoles  were  motionless  they,  together  with  the 
water,  were  poured  into  the  rectangular  chamber  previously  pre- 
pared. Directly  above  the  chamber,  at  about  the  height  of  18 
inches,  a  high  power  nitrogen  electric  lamp  was  placed  to  whose 
light  exposure  was  made  for  two  or  three  seconds.  The  motion- 
less tadpoles  resting  on  the  millimetered  mask  served  as  a  nega- 
tive and  the  linear  dimensions  were  directly  printed  out  on  the 
sensitive  paper.  The  chloroform  was  found  to  be  harmless  for 
all  except  vent'  young  tadpoles.  It  is  necessary,  however,  that 
immediately  after  being  photographed  the  tadpoles  be  removed 
from  the  chloroform  water.  This  method  of  recording  dimen- 
sions is  much  less  tedious  than  actual  photography  and  is  more 
rapid  and  less  irksome  than  the  actual  measurement  with  dividers, 
at  frequent  intervals,  of  many  hundreds  of  tadpoles. 

TECHNICAL  DATA  AND  COMMENTS. 

The  effect  of  thyroid  feeding  on  normal  tadpoles  varies  with 
the  age  of  the  individuals.  This  is  to  be  expected  in  view  of  the 
nature  of  the  changes  induced.  In  our  experiments  with  two- 
year-old  tadpoles  (Kana  cantesbiana )  which  had  reached  the 
stage  in  development  immediately  preceding  the  initiation  of 
metamorphosis,  thyroid  feeding  serxed  simply  to  induce  a  pre- 
mature and  accelerated  differentiation.  Thyroid-treated  tadpoles 
diffcrentiatcil  inlo  normal  frogs,  whulh  indisliH.i,'uishalilo  from 
the  controls. 

In  the  case  of  one-year-old  tadpoles,  thyroid  feeding  was  in- 
variably followed  by  the  death  of  the  individuals.  Certain 
somatic  changes  occurred  before  death,  which  were  obviously 
similar  to  those  changes  which  take  place  in  the  metamorphosis 
of  older  individuals.  The  alterations  which  were  macroscopically 
observable  occurred  in  approximately  the  following  order: 


1.  Marked  diminution  in  general  size. 

2.  Alteration  in  the  shape  of  the  body,  the  rounded,  well-fed 
larval  shape  giving  way  to  the  slender,  trim  adult  form. 

3.  Elevation  of  the  eye-balls  above  the  dorsal  surface. 

4.  Increase  in  width  and  size  of  the  mouth. 

5.  Acceleration  of  growth  of  hind  legs. 

6.  Thinning  and  eventual  breaking  through  of  the  ventral  body 
wall  at  points  corresponding  to  the  future  site  of  the  fore  legs. 

7.  Noticeable  growth  of  the  fore  leg  buds. 

8.  Disappearance  of  the  "fin"  from  the  tail. 

9.  Shortening  of  the  tail. 

It  was  observed  that  the  tadpoles  all  reached  a  certain  stage  in 
this  abnormal  metamorphosis,  at  which  point  death  occurred. 
The  examination  of  a  large  number  of  specimens  preserved 
shortly  after  death  demonstrated  that  all  were  very  similar  in  the 
extent  to  which  the  changes  outlined  above  had  occurred,  and 
that  the  date  of  death  affords  a  valuable  criterion  as  to  the 
reaction  of  the  tadpole  to  thyroid  treatment.  This  fact  has  been 
noted  before  and  other  workers  have  taken  the  time  of  death  of 
the  treated  tadpoles  as  the  end-point  in  the  quantitative  estimation 
of  thyroid  activity.  (Marine  and  Rogoff,  1916;  C.  H.  Lenhart, 
1915.) 

The  following  table  indicates  that  in  experiment  A  (one-year- 
old  tadpoles)  the  irradiated  tadpoles  reacted  earlier  than  did 
those  that  were  unexposed.  At  the  outset  of  the  experiment 
equal  numbers  (17)  of  tadpoles  composed  each  of  the  four  lots 
to  be  compared.  The  normal  tadpoles  (A)  and  .r- rayed  tadpoles 
(A„X)  which  were  thyroid  fed  responded  to  thyroid  stimulation 
and  died  upon  attaining  to  a  certain  phase  of  metamorphosis ; 
however,  the  .r-rayed  tadpoles  earlier  attained  to  this  point. 


A.X 

Control 

plus  XRa 


*Three  killed  for  photographing. 


The  first  death  in  the  non-rayed  (A)  group  occurred  four  days 
after  the  first  death  in  the  irradiated  group,  or  when  the  irra- 
diated tadpoles  had  been  reduced  to  a  fourth  of  their  original 
number.  So  also  the  last  survivor  in  the  non-rayed  group  lived 
five  days  longer  than  did  the  last  of  the  irradiated  group.  The 
exposure  of  tadpoles  to  the  action  of  .r-rays  in  some  unknown 
manner  determined  an  increase  in  the  rapidity  of  their  reaction 
to  thyroid  stimulation. 

This  conclusion  is  supported  by  photographic  evidence.  In 
figure  I  are  shown  views  of  average  individuals  from  groups  A^ 
and  AoX.  (Thyroid- fed  and  thyroid-fed,  ji'- rayed,  respectively.) 
These  photographs  were  made  on  the  same  day  and  under  identical 
conditions  of  focus,  and  of  distance  of  the  object  from  the  lens. 


FIG.  1 

FiKiirc  1.  I'hotuijrarli.-  U"»dc  at  the  same  time)  of  average  ladpolcs  from  group 
A.X  (thyroid-fed  and  X-rayed)  and  from  group  Ai  (thyroid-fed  but  not  exposed  to 
-X-rays).  The  relative  siic  of  the  tadpoles  may  be  estimated  from  the  millimclcr  Hn>-» 
ineluded  in  the  one  photograph. 


The  metamorphosis  of  the  individuals  in  A„'X  is  obviously  fur- 
ther advanced  than  those  in  A,.  This  is  indicated  by  the  follow- 
ing points : 

1.  Smaller  size. 

2.  More  triangular  shape. 

3.  More  prominent  eye  balls. 

4.  Larger  mouth. 

5.  Shorter  tail. 

6.  Presence  of  fore-leg  buds  (discernible  as  small  white  spots 
in  the  center  of  the  dark  area  of  skin  rarefaction).     Under  the 


Figure  II.  Drawings  three  times  natural  size  of  average  tadpoles,  illustrating 
the  differences  in  the  degree  of  metamorphosis  attained  at  a  certain  time  by  members 
of  groups  Ai  and  .^oX,  respectively. 
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binocular  microscope  fore  leg  buds  were  also  discernible  on  the 
tadpoles  of  Aj.  They  were  much  smaller,  however,  tlian  on  the 
other  tadpoles. 

Groups  A.,  and  A^X,  which  had  not  been  thyroid-fed  and  which 
had  exhibited  none  of  the  phenomena  of  metamorphosis,  were 
now  divided  and  half  of  each  group  placed  on  thyroid  feedings. 
As  before,  -the  .r-rayed  tadpoles  began  to  differentiate  before  the 
unexposed  individuals  showed  any  signs  of  change.  The  differ- 
ence was  not  so  marked  in  this  case,  undoubtedly  because  of  the 
time  (30  days)  which  had  elapsed  since  exposure  to  the  .r-rays. 
It  is  significant  that  the  irradiation  was.  in  some  measure,  ef- 
fective after  such  an  interval  of  time. 

It  might  be  maintained  that  the  changes  induced  in  young 
tadpoles  by  thyroid  feedings  are  so  abnormal  as  to  furnish  no 
dependable  index  to  their  reactivity.  For  this  reason  tadpoles 
which  would  normally  metamorphose  within  the  space  of  a  few 
months  were  subjected  to  the  same  treatment. 

Table  II  gives  the  relative  condition  of  the  tadpoles  July  2nd, 
at  which  time  the  thyroid- fed  tadpoles  were  in  the  midst  of  the 
metamorphosis  process.  The  results  are  in  accord  with  those 
already  outlined. 

T.'\BLE  11. 

P,                      P:                      Pj  P. 

State  of  Metamorphosis  Thyroid  X-Ray  XRay 

Thyroid 

Number  oi  tadpoles  (7/8) 12                   5                   11  19 

Number  of  tadpoles  with  4  legs 3                   3                     0  0 

Number  of  tadpoles  with  3  legs 2                     1                       0  0 

Number  of  tadpoles  with  2  legs 7                   1                   11  19 

Per  cent  of  tadpoles  with  4  legs 25.0%  00%                   0%  0% 

Per  cent  of  tadpoles  with  3  legs 16.7%  20%                 0%  0% 

Per  cent  of  tadpoles  with  hind  legs  only..     58.3%  20%  100%  100% 

in  the  tad])()les  filtering  into  this  expcriiiiciU,  no  dcvelopnuiilal 
differences  were  detectable  in  group  P.,,  which  had  been  .t-rayed, 
and  in  group  Pj,  which  were  normal.  That  is,  the  .r-raying  of 
the  tadpoles  brought  about  no  demonstrable  alteration  in  growth- 
differentiation  processes.  Both  the  .r-rayed  and  normal  tadpoles 
com[)leted  their  metamorphosis  at  the  anticipated  time.  .Mso,  no 
differences  were  observable  in  the  rate  of  response  to  thyroid 
feeding  in  the  .r-rayed  tadpoles,  group  Po,  and  the  non-rayed 
thyroid-fed  tadpoles,  group  P,.  The  metamorphosis  of  both 
groups  was  hastened,  but  eiiually  so,  indivitluals  composing  botli 
groups  completed  their  metamorphosis  and  survived.     In  so  far 
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as  the  results  of  observation  on  this  small  number  of  test  animals 
permits,  it  is  inferred  that  the  exposure  to  the  .r-ray  exerts  no 
gross  effect  upon  the  process  of  metamorphosis,  either  in  normal 
tadpoles  or  in  thyroid-fed  tadpoles. 

The  observation  that  the  irradiation  is  without  demonstrable 
effect  upon  normal  tadpoles  is  important  in  considering  the 
mechanism  of  the  reaction  produced  upon  thyroid-fed  tadpoles. 
Several  observers  have  shown  that  following  intensive  exposure 
to  .i--rays  there  may  be  found  a  slight  increase  in  nitrogen  metabo- 
lism of  normal  animals.  (Baermann  and  Linser,^  1904,  Benja- 
min and  Van  Reuss,*  1906.)  If  the  results  recorded  in  this  paper 
are  due  to  the  direct  action  of  the  rays  upon  metabolism,  the 
same  phenomendn  also  occurs  in  those  tadpoles  which  received 
no  thyroid  material.  The  occurrence  of  changes  in  the  metamor- 
phosis of  the  thyroid-fed  groups  only,  is  an  indication  that  these 
changes  are  due  to  an  altered  susceptibility  on  the  part  of  the 
tadpoles  to  the  thyroid  hormone. 

This  interpretation  is  apparently  in  keeping  with  Richard's 
theory  of  the  mode  of  action  of  the  Roentgen  rays.  He  states 
that  a  small  dose  of  the  rays  serves  to  increase  the  activity  of 
certain,  and  presumably  of  all,  enzymes,  while  large  doses  produce 
the  opposite  effect.  In  our  experiments,  weak  irradiation  of  the 
tadpole  increased  the  activity  of  a  normal  hormone  (thyroid), 
administered  subsequent  to  the  irradiation.  According  to  Rich- 
ard's theory,  strong  irradiation  should  decrease  the  activity  of 
the  hormone  when  given  under  identical  conditions. 

In  the  event  that  further  experiments  prove  that  large  doses 
of  .r-rays  produce  an  effect  opposite  to  the  results  here  recorded, 
it  may  be  inferred  that  the  thyroid  hormone  normally  acts  in 
conjunction  with  the  intracellular  enzymes  to  produce  the  phe- 
nomena commonly  associated  with  thyroid  activity.  Such  an 
interaction  has  often  been  postulated  by  writers  on  the  thyroid 
gland,  but  experimental  evidence  has  hitherto  been  lacking. 

SUMMARY. 
Selected  tadpoles  were  subjected  to  the  action  of   Roentgen 
rays  in  small  amounts.     Certain  individuals  were  then  treated 
with  preparations  of  thyroid  gland  and  the  rate  of  their  meta- 
morphosis compared  with  the  metamorphosis  rate  of  (1)  normal 
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tadpoles,  of  (2)  thyroid-fed  tadpoles  which  had  not  been  irradi- 
ated, and  of  (3)  irradiated  but  not  thyroid-fed  tadpoles.  The 
results  of  our  experiments  indicate  that  irradiation  is  without 
apparent  effect  upon  normal  tadpoles,  but  determines  a  slight  but 
distinct  increase  in  the  susceptibility  of  young  tailpoles  to  thyroid 
stimulation. 
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So  far  as  we  are  aware,  the  only  fluke  reported  from  the  dog 
in  the  United  States  is  Paragonimus  kellicotti.  This  fluke  occurs 
in  the  lungs  of  dogs,  cats  and  swine.  Ward  and  Hirsch  (1915) 
note  that  the  worm  was  discovered  in  the  lung  of  a  dog  from 
Ohio  by  Kellicott.  They  also  note,  regarding  lung  fluke :  "Null 
stated  casually  that  it  occurs  in  dogs  and  cats  from  the  Oriental 
quarters  of  San  Francisco,  but  gave  no  further  data  regarding 
the  parasites." 

In  a  series  of  300  dogs  examined  post  mortem  here  at  Detroit, 
we  have  found  intestinal  flukes  in  1  animals  (Nos.  122,  133,  134, 
195,  229,  237  and  281).  The  flukes  of  these  dogs  belong  to  2 
different  species.  The  2  species  of  flukes  appear  to  be  unde- 
scribed,  and  we  have  accordingly  created  new  species  for  them. 

An  examination  of  our  flukes  shows  that  they  belong  in  the 
genus  Hemistommn,  but  an  examination  of  the  status  of  this 
generic  name,  which  is  the  one  in  common  use,  indicates  that  the 
name  is  not  in  good  standing,  and  while  we  are  reluctant  to  tamper 
with  nomenclature,  a  proceeding  which  always  invites  criticism 
from  some  school  of  zoologists,  we  are  even  more  reluctant  to 
refer  new  species  to  genera  which  are  without  standing.  Accord- 
ing to  Stiles  and  Hassall  (1908),  Hoiiistomuin  Diesing,  1850,  has 
as  its  type  species,  by  inclusion  and  by  the  first  species  rule, 
H.  datum  (Goeze,  1782)  Diesing,  1850.  But  Railliet  (1896)  has 
renamed  Hemistommn  Diesing,  1850  (not  Swainson),  proposing 
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the  name  Conchosomum  Railliet,  1896,  with  C.  alatum  as  type 
species.  However,  a  further  examination  of  the  extremely  useful 
bulletin  by  Stiles  and  Hassall  (1908)  shows  that  the  genus  Alar'ia 
Schrank,  1788,  has  as  its  type,  and  only,  species  A.  viilpis,  which 
is  a  renaming  of  Planaria  alata  Goeze,  1782,  the  fluke  which  has 
been  called  Hciitistomum  alatum  since  the  publication  of  that 
name  by  Diesing.  1850.  In  default  of  any  earlier  nomenclature 
affecting  the  status  of  the  generic  name  Alaria  Schrank,  1788,  or 
the  specific  name  alata  of  Goeze,  1782,  it  appears  that  the  fluke 
from  dogs  and  other  carnivores  in  Europe  should  be  known  by 
the  name  Alaria  alata  (Goeze.  1782)  Hall  and  Wigdor,  1918. 
This  fluke  has  been  assigned  to  the  family  Holostomidae  E. 
Blanchard,  1847,  and  to  the  subfamily  Heniistominae  Brandes, 
1890  (name  used  by  Brandes  on  Plate  40  and  overlooked  by 
Stiles  and  Hassall,  who  credit  this  name  to  Braun,  1893),  and 
the  tribe  Hemistomeae  Brandes,  1890.  Since  the  name  of  the 
genus  on  which  the  subfamily  and  tribe  names  are  formed  must 
be  changed  from  Hcmistonium  to  Alaria,  the  subfamily  and  tribe 
names  must  be  changed  to  Alariinae  and  Alarieac. 

These  flukes  belong  to  the  Holoslomata,  or  metastatic  trema- 
todes,  those  which  develop  without  intermediate  generations  aris- 
ing by  asexual  methods.  Two  larval  forms  dexelop  and  jiass 
through  an  intermediate  host. 

The  family  diagnosis  is  as  follows : 

Family  Hoi.osto.midae  E.  Blanchard,  1847. 

Family  diagnosis. — HolostoiiMta:  Oral  sucker  terminal  or 
subtcrminal ;  ventral  sucker  usually  but  slightly  developed.  Be- 
hind the  ventral  sucker  is  a  peculiar  attaching  apparatus,  varying 
in  shajie  in  different  species.  The  body  is  commonly  divided  by 
a  cleft  into  an  anterior  and  a  posterior  region.  The  sex  organs 
are  principally  in  the  posterior  region  and  have  their  common 
openings  at  the  posterior  end  in  a  depression,  opening  dorsally, 
called  the  bursa  copulatrix.  The  oral  and  ventral  suckers,  the 
attaching  ap()aratus,  and  part  or  all  of  the  highly  developed 
vitellaria  are  in  the  anterior  portion.  The  simple  intestinal  ceca 
are  without  diverticula  and  extend  the  entire  length  of  the  body. 
The  uterus  is  but  slightly  contorted  and  contains  only  a  small 
number  of  relatively  large  eggs,  which  develop  in  water.  The 
adult  worms  occur  in  the  intestine  of  mammals,  birds  and  rep- 
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tiles,  rarely  in  fish  and  amphibia ;  the  intermediate  hosts  are 
mammals,  birds,  amphibia,  fish  and  mollusks. 

Type  genus. — Holostonmm  Nitzsch,  1819. 

Subfamily  Alariinae  Hall  and  Wigdor,  1918. 

Snbfaiiiily  diagnosis. — Holostomidae:  Forms  with  flattened 
anterior  body  portion,  of  which  the  lamellar  lateral  edges  are 
strongly  bent  ventrally,  forming  a  sort  of  sac  with  a  long  ventral 
aperture  between  these  lamellar  edges.  The  ventral  sucker  is 
often  covered  by  the  attaching  apparatus  and  is  usually  not  larger 
than  the  oral  sucker  or  the  pharynx.  (The  ventral  sucker  is 
lacking  in  at  least  one  species.)  The  attaching  apparatus  is  in 
the  form  of  a  compact  mass,  often  covering  the  greater  part  of 
the  anterior  body.  The  apertures  of  some  glands  are  at  the  sides 
of  the  oral  sucker.  The  genital  cone  and  bursa  copulatrix  are 
notably  developed  only  in  exceptional  cases.  The  opening  of  the 
bursa  is  constantly  dorsal.     Parasitic  in  birds  and  mammals. 

Type  genus. — Alaria  Schranck,  1788. 

Tribe  Alarieae  Hall  and  Wigdor,  1918. 

Tribe  diagnosis. — Alariinae:  With  the  characters  of  the  sub- 
family. 

Type  genus. — Alaria  Schranck,  1788. 

Genus  Alaria  Schranck,  1788. 

Generic  diagnosis. — Alarieae:  Posterior  portion  of  the  body 
approximately  cylindrical ;  anterior  portion  flattened  and  with  its 
lateral  borders  curving  toward  the  ventral  surface.  The  ventral 
sucker  is  usually  larger  than  the  oral  sucker.  The  attaching  ap- 
paratus is  a  compact  structure  which  often  covers  the  greater 
portion  of  the  ventral  surface  of  the  anterior  part  of  the  body, 
and  may  entirely  or  partly  cover  the  ventral  sucker. 

Type  species. — Alaria  vulpis  Schranck,  1788  (^=Planaria  alata 
Goeze,  1782,  renamed,  =Alaria  alata  (Goeze,  1783). 

The  fluke  which  we  found  in  4  dogs  (1.33  per  cent)  of  the 
series  of  300  dogs  is  the  larger  of  our  two  species  and  is  most 
closely  related  to  Alaria  alata',  the  intestinal  fluke  from  dogs  and 
other  carnivores  in  Europe.  We  propose  for  this  species  the 
name  Alaria  americana.  The  smaller  of  our  two  flukes,  which 
we  found  in  3  of  our  300  dogs  (1.0  per  cent),  we  propose  to  call 
Alaria  inichigancnsis.  The  three  species  may  be  differentiated  as 
follows : 
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KEY  TO  SPECIES  OF  ALARIA  FROM  THE  DOG. 

1.  No  projecting  structures  at  each  side  of  the  oral  sucker ;  right  testis 
bilobed.  left  testis  irreguhir  in  outline  liut  integral. .4/an'a  jdic/ii'^aiicHJij. 

Projecting  structures  at  eacli  side  of  oral  sucker;  both  testes  bilobed.. ..2 

2.  Attaching  apparatus  covers  the  posterior  portion  of  the  ventral 
sucker;  the  field  of  the  vitellaria  extends  to  the  ventral  sucker;  the 
ventral  sucker  slightly  larger  than  the  oral  sucker.  .  ..-i/ari'a  ainericana 

Attaching  apparatus  distinctly  posterior  to.  and  not  touching  or  cover- 
ing, the  ventral  sucker ;  the  field  of  the  vitellaria  in  the  median 
line  all  posterior  to  the  anterior  end  of  the  attaching  apparatus 
and  to  the  oral  sucker ;  tlie  oral  sucker  larger  than  the  ventral 
sucker Alaria  alata. 

Part  of  the  above  key  is  based  oit  Rrandes'  (1890)  fig;ures  and 
depends  for  its  accuracy  on  the  accuracy  of  those  figures  and  of 
our  interpretation  of  them. 

More  extended  descriptions  of  these  species  are  as  follows : 


Figure    1.     Alaria   alala.      Ventral    view.      iiij.    oral    sucker;    da,    site    of    gland    aper- 
ture;   ph,    pharynx;    i,    intestine;    bs,    ventral    sucker;    «•,    excretory    sysleni; 
z,   vitellaria;    ov.    ovary;   td,   transverse   vitelline    dncl:    ud,    unpaired 
vitelline  duct:  /.  testes.     Magnified,     .\flcr   Brandis    (ISOnV 

Species  Alaria  alata  (Goeze.  \7^'i)  Hall  and  Wigdor,  IJIIS. 

Specific  diaf/nosis. — .Maria:  Flukes  :?  to  fi  mm.  long  (Fig.  1). 
The  posterior  body  much  .shorter  than  the  anterior.  The  oral 
sucker  and  pharynx  (|itite  distinct  and  each  of  them  larger  than 
the  ventnil  sticker.     Some  ilistancc  ixistcrior  of  the  ventral  sucker 


is  the  attaching  apparatus,  a  high  structure,  notched  anteriorly, 
according  to  Brandes'  figures,  and  with  prominent  lateral  mar- 
gins. The  greater  part  of  the  vitellaria  are  contained  in  the  at- 
taching apparatus.  In  the  median  line  there  is  a  row  of  apparent 
cavities,  which  are  actually  interruptions  in  the  vitellaria  and 
which  are  bounded  by  the  dorso-ventral  anastomoses  of  the  ex- 
cretory system.  (The  cut  for  Fig.  1  has  been  tooled  in  a  way 
that  has  effaced  the  representation  of  these  somewhat.)     On  each 


Figure   2.      Alaria   americana.      Ventral 

sucker;    ph.,    pharynx;    int.,   intestin 

apparatus;  vit.,  vitellaria;  ov.,  o' 


fl.    p.,    anterior   projection;    o.   s.,   oral 
,   ventral   sucker;    a.    a.,   attaching 
testes;   b.  c,  bursa  copulatrix. 


side  of  the  oral  sucker  is  a  crescentic  projection  and  in  these  are 
located  the  apertures  of  glands.  There  is  a  large  bilobed  testis  on 
each  side  of  the  posterior  body.  The  ovary  gives  the  appearance 
of  being  in  the  anterior  body  portion,  owing  to  the  fact  that  the 
lateral  lamellae  of  the  flattened  anterior  portion  unite  on  the 
ventral  surface  far  back  over  the  cylindrical  posterior  portion  of 
the  body,  with  the  entire  ovary  anterior  of  the  line  of  union, 
according  to  the  figure  given  by  Brandes.  The  uterus  and  vas 
deferens  open  in  the  middle  of  a  small  genital  cone.    The  bursa 
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copulatrix  opens  dorsally,  as  in  other  species  of  this  genus,  and 
is  relatively  insignificant. 

Hosts. — Canis  fainiliaris,  Caiiis  z'lilpcs,  Caiiis  lupus.  Cants 
logopus,  Thoas  caticrivorus,  and  Megalotis  ccrdo. 

LocATiox. — Intestines  and,  occasionally,  stomach. 

Locality. — Europe.  (Natterer  is  said  to  have  collected  it 
from  Thoas  cancrivorus,  which  suggests  that  the  fluke  was  col- 
lected in  South  America.) 

Species  Alaria  aiiiericaiia  Hall  and  Wigdor,  1918. 


Figure  3.     Alaria  amcricaiia.     Dorsal 


Lettering  as  in  Figure  2. 


Spkcific  DiAc.Nosis. — .Maria:  Mounted  specimens  less  than 
3  mm.  long  (Figs.  2  and  T))  ;  live  specimens  appear  to  be  between 
-1  and  5  mm.  long.  The  posterior  portion  of  the  body  appears  to 
be  shorter  than  the  anterior,  but  owing  to  the  contractility  of  the 
animal,  the  two  parts  may  appear  to  be  of  practically  the  same 
length  in  some  specimen.s.  ,\  transverse  wrinkling  of  the  cuticle 
of  the  equatorial  region  of  the  posterior  body  seems  to  be 
common.  The  oral  sucker  and  pharynx  arc  (|uitc  distinct,  but 
their  transverse  diameters  are  less  than  that  of  the  ventral  sucker, 
contrary  to  the  condition  in  Alaria  alata.  The  ventral  sucker  is 
relatively  well  forvvard,  less  than  its  own  dianiclcr  from  the  angle 
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formed  by  the  intestinal  ceca.  whereas  the  sucker  in  A.  cilata 
appears  to  be  placed  a  distance  distinctly  greater  than  its  own 
diameter  behind  this  angle.  The  attaching  apparatus  is  similar  to 
that  in  A.  alata,  but  the  anterior  end  is  smoothly  rounded  and 
does  not  show  the  notch  which  is  figured  for  A.  alata  by  Brandes 
(1890).  In  the  median  line  of  the  vitellaria  in  the  attaching 
apparatus,  there  are  a  series  of  apparent  cavities,  not  presenting 
sharply  defined,  occasionally  rectangular  outlines  as  in  A.  alata, 
and  usually  3  to  5  in  number  and  not  9  in  number  as  figured  for 
A.  alata  by  Brandes.  In  the  median  line  the  vitellaria  in  flattened 
specimens  extend  forward  to  the  same  transverse  plane  as  the 
ventral  sucker,  the  attaching  apparatus  extending  slightly  forward 
of  the  vitellaria  and  partly  covering  the  ventral  sucker.  In 
A.  alata,  the  ventral  sucker  is  well  forward  of  the  anterior  end  of 


the  attaching  apparatus  of  the  vitellaria  in  the  median  line.  Spec- 
imens which  have  curled  up,  apparently  in  response  to  some  irri- 
tant stimulus,  show  the  attaching  apparatus  shoved  forward  till 
its  anterior  end  is  in  the  vicinity  of  the  oral  sucker,  the  lateral 
lamellae  of  the  anterior  body  being  folded  over  toward  the  mid- 
ventral  line,  and  the  posterior  body  being  bent  back  in  a  way  that 
tends  to  bring  its  dorsal  portion  in  contact  with  the  dorsal  portion 
of  the  anterior  body.  On  each  side  of  the  oral  sucker  are 
crescentic  projections  as  in  A.  alata,  presumably  bearing  the  ducts 
of  glands  as  the  similar  structures  in  A.  alata  are  said  to  do. 
There  is  a  large  bilobed  testis  on  each  side  of  the  posterior  body. 
The  ovary  appears  to  lie  partly  anterior  to  and  partly  posterior 
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to  the  line  of  union  of  the  lateral  lamellar  margins  of  the  anterior 
body.  The  bursa  copulatrix  is  less  than  twice  the  diameter  of 
the  ventral  sucker,  whereas  in  A.  alata  it  is  about  three  times  the 
diameter  of  the  ventral  sucker,  according  to  Brandes'  figures. 
The  eggs  in  the  uterus  are  90  fx  to  120  f*  by  80  /<  to  86  /<  in  tliani- 
eter.  Eggs  from  the  feces  measured  106  ja  to  134  /<  by  64  /<  to 
80  /'  (Fig.  5).  Other  details  of  the  reproductive  system  and 
other  systems  were  not  determined,  as  this  study  was  only  inci- 
dental to  other  investigations  which  would  not  permit  of  taking 
time  for  the  work  of  making  and  mounting  sections. 

Host. — Cams  famrliaris. 

Location. — Small  intestine. 

Locality. — Detroit,  Michigan. 

The  largest  number  of  ./.  anicrifaiui  found  in  one  animal  was 
91  (in  dog  No.  281). 
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Species  Alalia  inicliiyaiiciisis  Hall  and  W'igdnr,  1918. 

Specific  diagnosis. — .llar'ui:  I-'lukcs  IS  to  1.91  nmi.  long 
when  mounted  (Figs.  6  and  7).  Posterior  porlioii  of  body  longer 
or  shorter  than  the  anterior  portion,  according  to  the  slate  of 
contraction.  The  anterior  portion  of  the  body  appears  to  i)e 
covered  with  minute,  posteriorly-directed  spines.  Well  develojied 
oral  sucker  and  pharynx.  Oral  and  ventral  suckers  of  approxi- 
mately the  same  size,  sometimes  one  and  sometimes  the  other  tiie 
larger.  Tiie  attaching  apparatus  is  usually  immediately  posterior 
of  the  ventral  sucker  in  flattened  specimens  and  lias  no  notch 
anteriorly.  Occasionally  it  is  considerably  posterior  of  the 
ventral  sucker  and  in  a  mnnber  of  mounted  specimens  we  are 
unable  to  detect  an  attaching  a])paratus.  In  llic  median  line  the 
vitellaria  extend  anterior  (jf  the  ventr.il  sucker  to  a  point  between 


the  ventral  sucker  and  the  posterior  end  of  the  pharynx.  There 
are  no  such  apparent  cavities  in  the  median  field  of  the  vitellaria 
as  there  are  in  A.  alata  and  A.  americana.  There  are  no  crescentic 
projections  on  the  sides  of  the  oral  sucker.  The  right  testis  is 
bilobed  and  lies  transversely  across  the  posterior  body,  extending 
across  the  median  line  in  such  a  way  that  one  lobe  lies  on  the 
right  side  and  one  lobe  lies  on  the  left  side  of  the  worm  posterior 
to  the  left  testis.  What  appears  to  be  the  cirrus  can  be  distin- 
g^iished  on  the  left  side,  connecting  with  the  bursa  copulatrix. 
The  Ovary  lies  somewhat  to  the  left,  instead  of  median,  and  is 
entirely  posterior  of  the  line  of  union  of  the  lateral  lamellar 
margins  of  the  anterior  part  of  the  body.    The  transverse  vitelline 


Figure   G.      Aiaria   michigaucusis 
Alaria    michiganensis.      \^entral   vie> 


Lettering   as    in    Figure    2. 


duct  crosses  to  the  right  side  near  the  union  of  the  anterior  and 
posterior  body  and  the  main  vitelline  duct  extends  along  the  right 
side  of  the  posterior  portion  of  the  body  and  apparently  crosses 
ventrad  of  the  right  testis  to  the  left  side,  forming  a  dilatation  in 
the  median  line.  The  bursa  copulatrix  is  more  than  twice  the 
diameter  of  the  suckers.  The  eggs  in  the  uterus  are  80  /<  to  104  /< 
by  76  /^  to  80  /<  in  diameter. 

Host. — Canis  familiaris. 

Location. — Small  intestine. 

Locality. — Detroit.  Mich. 


236 

The  largest  number  of  .•/.  michiganensis  found  in  one  animal 
was  80  (in  dog  No.  195). 

The  resemblance  between  AJaria  alata,  the  form  described 
from  Europe,  and  the  species  we  have  designated  as  A.  americana 
is  very  considerable  and  the  possibility  of  their  being  the  same 
species  should  be  given  consideration.  We  find  certain  differ- 
ences on  comparison :  Although  the  measurements  overlap, 
A.  alata  appears  to  be  larger  as  regards  average  size  and  maxi- 
mum size.  In  A.  americana  the  vitellaria  in  the  median  line  and 
the  anterior  border  of  the  attaching  apparatus  both  lie  in  the 
transverse  field  determined  by  the  antero-posterior  diameter  of 
the  ventral  sucker,  whereas  in  A.  alata  the  ventral  sucker  lies 
anterior  of  the  forward  end  of  the  attaching  apparatus,  which 
in  turn  seems  to  extend  well  forward  of  the  anterior  limits  of 
the  vitellaria  in  the  median  line.  This  difference,  the  absence 
of  a  notch  in  the  anterior  margin  of  the  attaching  apparatus,  and 
a  fe^v  other  differences  in  relative  sizes  of  suckers,  etc.,  make  it 
unwise  to  claim  the  identity  of  the  European  and  American  form. 
In  this  matter  we  follow  the  advice  of  Dr.  Ch.  Wardell  Stiles, 
who  considers  it  better  to  take  a  chance  on  making  a  new  species 
for  an  old  one,  where  there  is  a  doubt,  and  assuming  that  an 
error  will  be  pointed  out  and  the  new  name  assigned  its  proper 
status  as  a  synonym,  than  to  record  such  a  doubtful  finding  under 
the  name  of  an  old  species  with  which  it  may  easily  be  long  con- 
fused and  from  which  it  will  be  very  difficult  to  separate  it  if 
there  is  an  error. 

The  measurements  of  mounted  specimens  of  the  two  Amer- 
ican species  of  flukes  are  given  in  the  following  table,  nothing 
of  the  sort,  except  the  body  length  of  .'i  to  G  mm.,  being  known  to 
us  for  .-/.  alata: 


Structure 

.1, 

.  unuTicaii 

\a 

.-/. 

michiganensis 

Entire  body 

1.10 

mm. 

to  2.38 

mm. 

long 

1.80 

mm. 

to  1.91     mm. 

long 

Anterior  body 

0.60 

mm. 

10  1.07 

mm. 

long 

0.80 

mm. 

to  1.17     mm. 

long 

0.71 

mm. 

to   1.05 

mm. 

0.85 

mm. 

to  0.04     mm. 

wide 

Posterior     body 

0.48 

mm. 

to  1.26 

mm. 

long 

0.72 

mm. 

to  1.11     mm. 

long 

O.O.'i 

mm. 

to  0.05 

mm. 

«ide 

0.8S 

mm. 

to  0.02     mm. 

wide 

Ornl  sucker 

0.000 

mm. 

to  0.1.'i7 

mm. 

diam. 

0.080 

nun. 

to  0.157  mm. 

diam. 

Pharynx 

0.120 

mm. 

to  0.106 

mm. 

long 

0.142 

mm. 

to  0.162  mm. 

long 

0.080 

mm. 

to  0.1.S7 

mm. 

wide 

0.118 

mm. 

to  0.127  mm. 

wide 

Ventral    sucker 

0.070 

mm. 

to  0,176 

nun. 

diam. 

O.OftO 

mm. 

to  0.170  mm. 

diam. 

Hur.<i.-i   copuL-ilrix 

0.114 

mm. 

to   O.S45 

mm. 

di.iMi. 

0.088 

mm. 

10  0.2.16  mm. 

diam. 

The  lluko  rc])(jrte(l   from  tiie  dog  outside  of  North  America 
include     liic     fciljnwing:      Opisthnrchis     jcliitcus.     () /'istlioirliis 


canhnis,  Clonorchis  cndciiiiciis.  Mctorcliis  alhidus  (^),  Pseiid- 
amphistomum  tnincatum,  Ascocotyle  miniita,  Ascocotyle  italica, 
Loossia  romanka,  Heterophyes  heterophycs,  Heterophyes  aequa- 
lis,  Heterophyes  dispar,  Isthiniophora  melis  (f),  Echinochasmus 
perfoliatus,  Dicrocoelium  dendriticiun,  Schistosomum  ]'apo)iicnin, 
Yokagazva  yokagawa  and  Heniistomum  alatum. 

In  passing  it  is  of  interest  to  note  that  Stiles  and  Hassall 
(1894)  report  the  presence  of  Hciuistoinuin  alatum  in  the  collec- 
tion of  the  U.  S.  Bureau  of  Animal  Industry  at  Washington, 
D.  C,  but  the  material  is  European,  not  American.  The  speci- 
mens are  from  Rudolphi's  collection  and  probably  have  an  his- 
torical interest  far  greater  than  their  scientific  value  for  study 
after  preservation  for  a  century;  no  effort  was  made  to  examine 
this  material  for  comparison. 
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(Reprinted    from    the    American    Journal    of    Veterinary    Medicine,    Vol.    13,    No.    8, 
August,   1918.) 

LESIONS   DUE  TO  AGENTS  USED   IN   KILLING  EX- 
PERIMENT DOGS  IN  ANTHELMINTIC 
INVESTIGATIONS.* 

By  Maurice  C.  Hall,  Ph.D.,  D.V.M. 

Parasitologist,   Research  Laboratory,   Parke,   Davis  &  Co.,  Detroit,  Mich. 

The  investigation  of  anthelmintics  involved  in  a  general  way 
two  problems :  a  consideration  of  the  actual  anthelmintic  activity 
displayed  in  the  removal  of  worms  and  a  consideration  of  the 
transient  and  permanent  effects  of  the  anthelmintic  on  the  host ; 
in  other  words,  the  effect  of  the  anthelmintic  on  the  parasite  and 
on  the  host.  The  anthelmintic  value  or  efficacy  of  a  treatment  is 
ascertained  rather  accurately  by  a  consideration  of  the  number 
of  worms  removed  within  a  reasonable  time  and  the  number  re- 
maining after  that  time,  the  number  passed  being  found  by  an 
examination  of  the  feces  for  the  time  involved  and  the  number 
left  being  found  by  postmortem  examination.  This  is  the  experi- 
mental laboratory  method.  Less  accurately,  the  efficacy  may  be 
ascertained  by  a  comparison  of  the  number  of  worms  removed  by 
a  first  treatment  with  the  number  removed  by  a  second  treatment 
or  other  subsequent  treatments,  and  this  is  the  method  used  in 
medical  practice.  The  immediate  and  remote  effects  on  the  host 
may  be  ascertained  by  clinical  observation,  by  the  more  exact 
methods  of  the  physiological  and  pathological  laboratory,  and  by 
postmortem  examination.  The  information  available  by  post- 
mortem examination  is  unfortunately  seldom  available  in  medical 
practice,  but  in  experimental  work  all  these  methods  may  be 
employed.  The  study  of  the  effect  of  the  treatment  on  the  host  is 
highly  important,  as  anthelmintic  treatment  is  often  very  severe, 
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commonly  more  or  less  of  a  shock,  and  i)otcnt  anthelmintics  are 
nearly  always  more  or  less  toxic  substances,  supposed  to  be  com- 
paratively insoluble,  as  a  rule,  but  actually  rather  soluble,  which 
may  initiate  a  series  of  pathological  conditions  beginning  with 
gastro-intestinal  irritation  and  inflammatiiin  and  terminating  in 
death. 

DIFFERENTIATIOX    OF    LESIONS. 

In  examining  an  experiment  animal  for  lesions  due  tt)  anthel- 
mintic treatment,  it  is  imperative,  in  the  interests  of  the  best 
work,  that  one  undertake  to  differentiate  the  lesions  due  to  the 
treatment  from  lesions  due  to  disease,  accident,  or  the  agent  used 
in  killing  the  experiment  animal,  and  the  present  i)aper  is  pri- 
marily a  consideration  of  the  lesions  to  be  expected  in  connection 
with  a  limited  number  of  methods  of  killing  animals,  the  animals 
in  this  case  being  dogs.  This  work  is  based  on  some  of  the  find- 
ings in  a  study  of  300  cases. 

The  great  majority  of  our  experiment  dogs  were  killed  in 
one  of  three  ways:      (1)    by   chloroform   inhalation   in  a  box; 

(2)  by  intraperitoneal  injections  of  alcoholic  solutions  of  chlore- 
tone  (trichlortertiarybutyl  alcohol,  QH^OCl.,)  in  40  per  cent 
solution  at  the  rate  of  1  mil  i)er  kilo,  as  recommended  by  Rowe 
(]91())',   the  animal  being  opened  under   ])rofound   anesthesia; 

(3)  by  shooting  the  animal  through  the  brain  with  a  .'2'i  caliber 
revolver  with  a  4.y-inch  barrel.  In  shooting,  the  short  cartridges 
are  apparently  as  effective  as  the  long,  usually,  and  it  makes  no 
difference  that  we  can  detect,  so  far  as  the  lesions  are  concerned, 
whether  the  animal  is  shot  in  the  frontal  region  wlure  the  cross- 
lines  from  the  eyes  to  the  opposite  ears  intersect,  or  in  ihc  jjaricto- 
temporal  region,  or  in  the  occijiital  region. 

Certain  types  of  visceral  lesions  found  to  re-ult  from  the 
employment  of  these  methods  in  killing  dogs  are  as  follows: 

Chloroform.  Dogs  killed  by  cliloroform  inhalation  very  com- 
monly exhibit  a  hyperemic  cunditinu  nf  ilu-  innids.i  or  suiinnicosa 
of  the  duodenum  or  jejiiiunn  or,  usu:dl\,  ot  Imih.  The  word 
hypercmic  is  used  here  loo.sely  to  designate  hyp<r(nii:i,  conges- 
tion,   and    inllammation,   associated   at    times    with    liemorrhagic 


'Rowc.    I..     W.       1(1111.       Triililiir KTliarybiityl    alcuhol    nncslhesia.      J.    Pharm.    & 
F.xf.   rUerap.,  Vol.  0  (2),  Nov.,  pp.  107112. 


conditions.  In  routine  postmortem  examinations,  lesions  are 
sometimes  so  sharply  defined  in  their  nature  that  macroscopic 
examination  is  sufficient  to  enable  one  to  designate  the  lesion 
fairly  accurately,  but  there  are  borderline  cases  and  vague  cases 
that  must  be  grouped  under  some  general  term  in  a  consideration 
of  this  sort.  This  hyperemic  condition  in  dogs  killed  by  chloro- 
form inhalation  is  of  considerable  interest  in  experiments  on 
anthelmintics,  since  anthelmintics  are  commonly  gastro-intestinal 
irritants  and  their  irritant  effect  must  be  judged  largely  by  the 
hyperemic  condition  of  the  duodenum  and  jejunum. 

Chlorctonc.  Dogs  killed  by  opening  under  anesthesia  due  to 
preliminary  intraperitoneal  injections  of  chloretone  very  com- 
monly exhibit  a  highly  congested  spleen,  the  spleen  being  occa- 
sionally three  times  as  large  as  normal.  Such  spleens  present  a 
peculiar  smooth,  tense,  bluish  capsule  as  a  result  of  the  high 
pressure  of  the  contained  blood.  On  cutting  the  splenic  vessels 
or  incising  the  spleen,  there  is  a  very  rapid  and  considerable 
diminution  in  the  size  of  the  spleen,  but  it  rapidly  returns  to 
practically  normal  size.  However,  it  sometimes  happens  that 
blood-cysts,  what  might  be  loosely  termed  "blood-blisters,"  spaces 
filled  with  blood,  sometimes  rather  large  (1  cm.  in  diameter), 
form  in  the  splenic  pulp  or  just  under  the  capsule.  This  lesion 
has  little  significance,  as  it  could  not  result  from  the  use  of  any 
anthelmintic  of  which  I  am  aware,  but  it  is  of  interest  in  that  it 
does  not  appear  to  have  been  known,  even  by  persons  familiar 
with  chloretone  and  habitually  using  it,  that  this  lesion  might 
result  from  intraperitoneal  injections  of  the  strength  noted.  Such 
injections  would  furnish  a  convenient  method  of  producing 
splenic  lesions  for  pathology  classes  and  for  certain  studies  on 
the  spleen. 

Shooting.  Dogs  killed  by  shooting  through  the  brain  com- 
monly exhibit  extravasations  in  the  heart  muscle  and  the  lung 
tissue.  These  extravasations  may  be  petechial  or  ecchymotic,  or 
may  be  extensive  dark  blotches.  They  may  be  visible  on  the 
inside  and  outside  of  the  heart  and  through  the  muscles  wherever 
incised,  or  may  be  limited  in  location,  and  may  be  visible  under 
the  pulmonary  pleura,  through  the  lung  tissue  and  in  the  bronchi, 
especially  in  the  terminal  portions,  or  may  be  limited  in  extent. 


FIXniNT.S    IX    KILLED    ANIMALS. 

The  extent  to  which  these  lesions  are  characteristic  of  the 
deaths  with  which  I  associate  them  may  be  judged  from  the 
extent  to  which  they  are  present  and  readily  visible  in  animals 
killed  by  these  three  methods,  and  a  consideration  of  findings  for 
these  animals  is  given  next. 

Chloroform.  Chloroform  was  used  to  kill  102  dogs,  one  of 
these  dogs  having  been  given  a  preliminary  dose  of  chloretone 
intraperitoneally.  The  characteristic  hyperemia  of  the  duodenum 
was  present  in  69  cases  (69  per  cent)  and  of  the  jejunum  in 
64  cases  (64  per  cent).  From  each  of  these  should  be  deducted 
2  cases,  where  dangerous  doses  of  anthelmintics,  less  than  the 
lethal  dose  but  in  excess  of  the  safe  therapeutic  dose,  and  there- 
fore very  apt  to  occasion  hyperemia,  had  been  given,  making  67 
cases  (67  per  cent)  with  hyperemia  of  the  duodenum  and  62 
cases  (62  per  cent)  with  hyperemia  of  the  jejunum,  in  cases 
where  only  therapeutic  doses  of  anthelmintics  or  even  smaller 
doses,  were  given.  Comparing  these  figures  with  those  for  chlo- 
retone, we  find  that  in  36  animals  killed  after  chloretone  injec- 
tions intraperitoneally,  15  showed  hyperemia  of  the  duodenal 
mucosa  and  18  showed  hyperemia  of  the  jejunal  mucosa.  From 
these  figures  should  be  subtracted  2  cases  where  a  lethal  and  a 
dangerous  dose,  respectively,  were  given,  making  13  cases  (36 
per  cent)  of  hyperemia  of  the  duodenum  and  16  cases  (44  per 
cent)  of  hyperemia  of  the  jejunum.  Comparing  the  foregoing 
figures  with  those  for  shooting,  we  find  that  in  116  animals  killed 
by  shooting,  37  showed  hyperemia  of  the  duodenum  and  35 
showed  hyperemia  of  the  jejunum.  From  these  figures  for  duo- 
denal hyperemia  should  be  subtracted  4  cases  of  lethal  and  4  of 
dangerous  doses,  and  from  the  figures  for  jejunal  hyperemia 
should  be  subtracted  8  cases  of  lethal  and  5  of  dangerous  doses, 
making  29  cases  (25  per  cent)  of  hyperemia  of  the  duodenum 
and  22  cases  (19  per  cent)  of  hyperemia  of  the  jejunum. 

My  attention  was  first  called  to  the  production  of  hyperemia 
of  the  upper  portion  of  the  small  intestine,  following  chloroform 
inhalation,  by  Dr.  Jacob  Traum  some  years  ago  at  a  time  when 
he  and  I  were  both  working  in  the  United  Slates  Bureau  of 
Animal  Industry.     Tin-  dil.itation  of  llu-  abdominal  vessels  under 
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chloroform  was  noted  years  ago  by  Peck,  but  it  is  perhaps  not 
generally  known  and  appreciated. 

The  explanation  for  the  production  of  intestinal  hyperemia 
by  chloroform  is  perhaps  the  following:  It  may  be  due  in  part 
to  swallowing  mucus  with  its  chloroform  content  during  anes- 
thesia, the  chloroform  exerting  its  irritant  effects  directly  on  the 
intestinal  mucosa;  and  due  in  part  to  the  fact  that  chloroform 
acts  as  a  depressant  to  the  heart  and  to  the  vasomotor  centers,  so 
that  with  the  resulting  fall  in  blood-pressure  the  blood  tends  to 
collect  in  the  abdominal  vessels,  perhaps  due  to  the  fact  that 
these  relaxed  vessels  have  less  surrounding  pressure  on  them 
than  the  vessels  of  the  skin  and  voluntary  musculature.  It  appears 
likely  that  chloretone,  also,  may  narcotize  or  anesthetize  the  vaso- 
motor nerves  of  the  digestive  tract,  thus  producing  the  hyper- 
emia which  occurs  oftener  in  dogs  killed  after  chloretone  than 
in  dogs  killed  by  shooting. 

The  occurrence  of  this  intestinal  hyperemia  in  practically 
two  animals  out  of  every  three  when  killed  by  chloroform,  makes 
this  method  of  killing  experiment  animals  unsatisfactory  for 
experiment  work  where  the  irritant  effect  of  anthelmintics  is  to 
be  considered. 

Chloretone.  Chloretone  was  used  in  killing  36  dogs.  A  con- 
gestion of  the  spleen  was  noted  in  21  cases  (58  per  cent),  and 
in  over  half  of  these  cases  the  spleen  was  from  50  per  cent  larger 
than  normal  to  three  times  as  large  as  normal.  In  comparison,  a 
congested  spleen  was  found  in  dogs  killed  with  chloroform  in 
only  6  cases,  one  of  these  in  a  dog  previously  given  chloretone, 
leaving  5  cases  (5  per  cent).  In  dogs  killed  by  shooting,  a  con- 
gested spleen  was  found  in  3  cases  (2.6  per  cent).  In  no  case 
where  dogs  were  killed  with  chloroform  or  by  shooting  was  a 
spleen  found  showing  tlie  enormous  enlargement  found  in  animals 
given  chloretone  intraperitoneally. 

The  explanation  for  this  congested  spleen  probably  is  that  the 
vasomotor  nerve  control  is  narcotized  or  anesthetized,  thereby 
causing  an  inhibition  of  the  vasoconstrictor  nerve  control  and 
allowing  vascular  dilatation  and  distention. 

Shooting.  Shooting  was  employed  in  killing  116  dogs.  Ex- 
travasations of  the  heart  were  found  in  93  (80  per  cent)  and  of 
the  lungs  in  78  (67  per  cent),  and  a  more  careful  examination, 
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with  a  "shredding"  of  the  heart  and  lungs,  or  a  microscopic  ex- 
amination, would  probahly  have  shown  this  condition  in  more  an- 
imals, though  probably  not  in  all  of  them.  In  comparison,  hem- 
orrhages of  the  heart  were  observed  in  no  instances  in  dogs  killed 
with  chloretone  or  chloroform,  and  hemorrhages  of  the  lungs 
were  observed  only  in  2  cases  (6  per  cent)  in  dogs  killed  with 
chloretone  and  in  5  cases  (5  per  cent)  in  dogs  killed  with  chlo- 
roform. 

The  explanation  for  these  lesions  is  presumably  this :  The 
shot  occasions  sufficient  shock  to  the  brain  to  destroy  the  cardio- 
inhibitory  center,  the  vague  inhibition  control  of  the  heart  is  re- 
moved, and  with  this  brake  off,  the  heart,  under  the  influence  of 
its  accelerator  control,  immediately  races  to  a  speed  of  200  to 
22")  beats  a  minute,  respiration  simultaneously  ceasing.  Under 
the  back  pressure  of  the  blood,  especially  in  the  pulmonary  cir- 
culation, the  pound  of  the  heart  is  sufficient  to  cause  these  extra- 
vasations and,  at  the  other  end  of  the  line,  the  pressure  in  the  pul- 
monary circulation  drives  the  blood  out  into  the  lung  tissue.  The 
lungs  are  almost  always  distended  and  remain  so  after  the  thorax 
is  opened,  instead  of  collapsing.  In  one  animal,  the  lobes  on  one 
side  were  distended  and  showed  extravasations,  while  the  other 
lobes  were  collapsed  and  free  from  extravasations.  Extravasa- 
tions appear  to  be  more  numerous  and  extensive  in  the  left  lobes. 
The  ventricles,  pumping  against  the  pressure  of  the  systemic  and 
pulmonary  circulation,  suffer  more  than  the  auricles,  and  the 
right  side  of  the  heart,  pumping  against  the  pulmonary  pressure, 
suffers  more  than  the  left  side.  Lesions  are  visible  on  the  inside 
of  the  heart  a  little  oftener  than  on  the  outside.  Extravasations 
were  visible  as  follows :  In  the  right  ventricle,  64  times ;  on  the 
right  ventricle,  53  times;  on  the  left  ventricle,  r)3  times;  in  the 
left  ventricle,  45  times;  in  the  right  auricle,  .'U  times;  in  the  Kti 
auricle,  27  times;  on  (he  right  auricle,  23  times;  and  on  the 
left  auricle,  VJ  times. 

Feeble  animals  are  apt  to  be  free  from  extravasations  of  the 
heart  and  lungs,  and  it  is  possible  that  in  the  case  of  these  dogs, 
and  sonic  others,  the  heart  is  stojjpcd  as  a  result  of  shock  affect- 
ing the  accelerator  control  of  the  heart  or  as  a  result  of  a  weak 
heart  stopping  uikUt  the  overload  put  on  it  by  the  b.uk  pressure 
in  the  lungs. 


These  lesions  do  not  appear  to  be  generally  known.  On  ex- 
amination of  La  Garde's  (1916)'  treatise  on  gunshot  wounds  in 
man,  I  find  no  mention  of  the  immediate  eiTect  of  gunshot  wounds 
of  the  head  on  the  heart  action,  and  I  have  not  yet  been  able  to 
get  the  data  on  this  point  in  regard  to  man.  The  lesions  might 
be  mistaken  for  hemorrhagic  septicemia,  for  those  resulting  from 
asphyxia  or,  to  some  extent,  for  those  from  strychnine  poisoning. 
We  found  pulmonary  hemorrhage  in  all  cases  where  four  dogs 
were  killed  with  strychnine.  It  might  be  urged  that  a  bullet 
wound  in  the  head  is  the  best  evidence  that  an  animal  was  shot, 
but  occasionally  this  lesion  is  hardly  discoverable,  a  small  hole 
with  no  bleeding  and  concealed  by  long  hair  being  easily  over- 
looked. 

There  are  two  fields  in  which  lesions  of  this  sort  might  be 
looked  for  in  animals.  One  is  the  abattoir,  where  beeves  are 
killed  by  trauma,  "knocking"  on  the  head  with  a  sledge  hammer, 
followed  by  bleeding  (cutting  the  throat),  and  the  other  is  the 
hunting  field  where  game  is  shot,  occasionally  through  the  head 
or  neck,  a  condition  practically  identical  with  that  used  in  our 
killing  of  experiment  dogs.  In  regard  to  the  first,  I  am  informed 
by  Dr.  E.  P.  Schaf?ter,  the  Bureau  of  Animal  Industry  inspector- 
in-charge  at  Detroit,  that  they  occasionally  find  extravasation 
in  beeves,  the  lesions  occurring  at  times  in  the  muscles  of  the 
loins.  As  a  rule  they  are  not  present.  Apparently  the  stunning 
blow  on  the  head  is  not  usually  sufficient  to  destroy  the  function- 
ing of  the  cardio-inhibitory  center.  These  lesions  are  not  found 
in  sheep  or  hogs,  which  are  not  stunned.  In  regard  to  the  second 
field,  hunting.  Dr.  Clififord  E.  Parker  tells  me  that  he  has  seen 
extravasations  of  the  heart  or  lungs  in  the  deer,  fox,  and  raccoon 
after  being  shot  in  the  head  or  neck,  and  has  seen  one  raccoon 
carcass  thrown  away  on  account  of  these  lesions. 

In  passing,  it  may  be  said  that  a  dog  shot  in  the  right  way 
collapses  and  stifi'ens,  and  then  very  soon  relaxes  and  begins  to 
wag  its  tail.  The  oculopailpebral  reflexes  are  abolished  imme- 
diately. The  frontal  shot  causes  profuse  bleeding  as  a  rule,  while 
the  parietotemporal  or  occipital  shots  may  or  may  not  be  fol- 
lowed by  bleeding.     The  aperture  is   sometimes  sealed  against 

'La  Garde,  Col.  Lewis  A.  1916.  Gunshot  injuries.  How  they  are  inflicted. 
Their  complications  and  treatment.     N.   V.,  3  ed.,  4.57  pp.,   160   figs. 
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bleeding  by  a  piece  of  torn  brain  tissue.  While  any  of  these 
shots  will  usually  kill  a  dog,  I  have  had  bullets  flatten  and  split 
in  the  region  of  the  parietal  crest  and  the  nuchal  crest,  and 
this  observation  and  others  lead  me  to  think  that  with  a  small 
calibre  gun,  the  best  shot  is  one  carefully  centered  on  the  inter- 
section of  the  cross-line  from  the  eyes  to  the  opposite  ears  and 
with  the  gun  pointed  back  toward  the  cerebellar  region. 

Dogs  which  are  run  over  by  automobiles  and  survive,  not  in- 
frequently show  a  damaged  spleen,  repaired  with  omental  adhe- 
sions, as  the  sole  evident  lesion.  There  were  6  such  cases  in  our 
series  of  300,  or  2  per  cent. 
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The  theory  of  contagium  anriiiatum  originated  long  before  the 
invention  of  the  microscope.  The  development  of  the  microscope, 
culture  methods,  staining  reactions,  animal  experimentation,  and 
serum  tests  has  led  to  the  demonstration  of  the  specific  causative 
organisms  involved  in  many  of  the  diseases  of  men  and  animals. 
From  the  study  of  the  microscopical  forms  present  in  many 
pathogenic  processes  has  been  evolved  the  new  science  of  bac- 
teriology, or  microbiology.  The  science  of  microbiology,  which 
at  first  was  confined  to  the  study  of  pathogenic  organisms  and 
fermentation  processes,  now  includes  the  vast  expanse  in  which 
are  involved  the  investigation,  correlation,  and  teaching  of  facts 
relating  to  dairy,  soil,  and  household  bacteriology,  pathology, 
hygiene,  sanitation,  and  preventive  medicine. 

In  the  excellent  words  of  Rettger,^  "Bacteriology  is  a  child  of 
many  adoptions,  ever  precocious,  but  not  yet  fully  mature.  Born 
with  a  definite  mission  to  serve  and  to  save,  it  has  recreated 
pathology,  given  inspiration  and  new  life  to  botany  and  zoology, 
contributed  generously  of  its  substance  to  agriculture  and  home 
economics,  and  built  itself  as  the  framework  around  which 
modern  hygiene  and  preventive  medicine  have  been  built." 

We  are  inclined  to  regard  the  study  of  pathogenic  micro- 
organisms as  fairly  well  completed  and  the  science  of  bacteriology 
as  quite  conclusively  established  in  so  far  as  it  relates  to  the 
study  of  specific  infectious  diseases.  A  most  conspicuous  break, 
however,  has  occurred  in  the  development  of  the  study  of  micro- 
biology, which  relates  to  a  group  of  specific  infectious  diseases 


•Read  before  Wayne  County  Medical  Society,  Detroit,  May  18,  1918. 
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of  unknown  etiolog}'  consisting  of  nearly  forty  diseases.  This 
break  has  been  bridged  over,  in  some  degree,  by  the  results  of  the 
work  of  many  investigators,  who  have  demonstrated  that  the 
majority  of  diseases  of  this  group  are  capable  of  being  produced 
by  the  filtrate  of  diseased  tissues. 

Loeffler  and  Frosch-  in  1898  first  noted  the  phenomenon  of 
virus  filtration  in  connection  with  the  study  of  the  virus  of  foot- 
and-mouth  disease.  They  found  that  the  serum  from  infected 
cattle,  after  being  passed  through  fine  porcelain  filters  which 
would  not  allow  the  passage  of  ordinary  bacteria,  still  retained 
the  specific  living  agents  which  act  as  the  cause  of  the  disease. 

It  is  interesting  to  note  the  manner  in  which  this  discovery 
was  made.  Loeftler^  conceived  the  idea  that,  by  passing  the 
exudate  from  the  vesicular  lesions  of  foot-and-mouth  disease 
through  the  Berkefeld  filter,  the  more  active,  infective  portions 
of  the  virus  might  be  retained  by  the  filter,  thus  rendering  the 
filtrate  free  from  infective  properties,  but,  at  the  same  time, 
capable  of  producing  protection  against  the  disease  when  injected 
into  healthy  animals.  Control  experiments  proved  that  no  known 
bacteria  could  pass  through  the  filters  which  were  employed,  and 
therefore  it  was  concluded  that  the  virus  of  foot-and-mouth  dis- 
ease consists  of  some  living  agent  capable  of  passing  through  the 
fine  pores  of  bacteria-proof  filters. 

That  the  filterable  material  is  not  a  strong  toxic  chemical  sub- 
stance, but  does  represent  virulent  living  infection  in  some  form, 
can  be  shown  by  transmission  of  the  virus  through  several  gen- 
erations of  the  host,  and  by  the  addition  of  germicidal  agents  to 
the  filtered  virus. 

In  the  former  experiment  a  small  portion  of  the  Tillered  virus 
is  injected  into  a  healthy  animal.  From  this  animal,  after  the 
appearance  of  symptoms,  the  virus  is  collected  and  filtered,  and 
with  it  a  second  animal  is  inoculated.  When  carried  through  a 
successive  series  of  animals,  it  becomes  impossible  to  estimate  the 
dilution  of  the  original  material,  and  hence  it  must  be  concluded 
that  the  virus  is  not  merely  an  inert  toxic  chemical  substance. 
The  addition  of  germicidal  solutions  renders  the  virus  powerless 
to  produce  disease. 

Since  the  pioneer  work  by  Locfller  and  Frosch,  many  investi- 
gators have  contributed  to  the  study  of  ultravisible  viruses.    The 
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results  of   this   work  ha\e   demonstrated  that   there   are   nearly 
forty  specific  diseases  which  belong  to  this  group  as  shown  in 
the  following  table : 

LIST  OF  SPECIFIC  INFECTIOUS  DISEASES  OF  MAN  AND  ANIMALS,  THE 

CAUSATIVE   FACTORS   OF  WHICH    ARE   CLASSIFIED  AS 

FILTERABLE  AND  ULTRAVISIBLE  VIRUSES. 

NAME    OF     DISEASE.  ORIGINAL    INVESTIGATOR.  YEAR 

1.  Foot-and-mouth    disease "  Loeffler  and  Frosch 1898 

2.  Mosaic   disease   of   tobacco *  Beijerinck   1899 

3.  Pleuropneumonia    of    cattle ^  Nocard    and    Rous 1899 

4.  African    horse    sickness "  MacFadyean     1899 

5.  Fowl     pest     '   Centanni   and    Savoruzzi 1901 

C.  Yellow  fever   *   Reed    and    Carrol 1901 

7.   Fowl  diphtheria    "  Marx   and    Sticker 1908 

S.  Chickenpox    ^°  Juliusberg    1902 

9.   Pigeonpox     "  Tuliusherg    1902 

10.  Sheeppox    "  Borrcl    1902 

11.  Cattle    plague    '^-  Nicolle  and  Adil-Bey 1902 

12.  Rabies     "  Remlinger    1903 

13.  Hog    cholera    "  Dorset,    Bolton,    and   McBryde 1904 

\i.  Infectious  agalactia  of  sheep >=  Celli  and  DeBlasi .' 1904 

15.  Catarrhal   fever   of   sheep '"  Robertson    and   Theiler 1904 

16.  Molluscum    contagiosum "  Juliusberg    1904 

17.  Cowpox     "^  Celli   and    DeBlasi,   "   Remlinger 1904 

18.  Dengue   fever   ""  Ashburn   and  Craig 1906 

19.  Infectious   stomatitis   papulosa    of 

cattle     "  Ostertag   and    Bugge 

20.  Pappatica  fever    ==    Doerr     1908 

21.  Smallpox     ='  Casagrandi    1906 

22.  Infectious   equine  anemia -*  Carre   and    Vallee 1908 

23.  Luekemia  of  fowls -'   Ellerman    and    Bang 1908 

24.  Trachoma     ;f  Bertarelli    and    Cecchetto 1908 

25.  Poliomyelitis     -'  Lentz,   -^  Landsteiner  and   Levaditi, 

-"   Flexner   and   Lewis 1908 

26.  Guinea  pig  epizootic '°  Petrie    and    O'Brien 1909 

27.  Milkpox    »'    Ribas    1909 

2S.  Guinea   pig   paralysis '-   Romer    1909 

29.  Measles     "  Goldberger   and  Anderson 1911 

30.  Scarlet    fever    ^'Bernhardt,    ^^    Cantacuzene 1911 

31.  Flood  fever  '"  Mivajima     1911 

32.  Rat   disease   "    Xovv    and   Perkins 1911 

23.  Chicken  sarcoma    ^   Rous  and  Murphy 1911 

34.  Tvphus  fever    »»  Nicolle,    Conner,   and    Conseil 1912 

3...  Silkworm   jaundice    *   Prowazck    1912 

36.  Osetochondrosarcoma    "   Rous,   Murphy,   and   Tytler 1912 

37.  Guinea    pig    plague *-    DeGaspari    and    Sangiorgi 1913 

38.  Mumps    "  Granata    (1908),   "   Gordon 1914 

GENERAL  CH.ARACTERS  OF  ULTR.WISIBLE  VIRUSES. 

The  infective  agents  comprising  this  group  are  characterized 
by  the  following  fairly  constant  features : 

1.  Great  infectiousness. 

2.  Production  of  active  immunity. 

3.  Invisibility. 

4.  Filterability. 

5.  Noncultivability. 

6.  \\'ide  geographical  distribution. 
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Infectious  Character. — Perhaps  the  most  constant  character 
which  distinguishes  these  viruses,  as  a  group,  relates  to  their 
marked  pathogenicity.  They  are  disseminated  with  ease  and 
rapidity.  Their  pathogenic  power  persists  in  relatively  high 
dilutions. 

The  marked  infectiousness  of  these  viruses  is  well  illustrated 
by  that  of  foot-and-mouth  disease,  the  control  of  which  has  cost 
this  country  several  millions  of  dollars.  An  outbreak  of  foot- 
and-mouth  disease  presents  most  serious  difficulties  to  our  De- 
partment of  Agriculture,  not  because  of  any  unusual  high  mor- 
tality attending  the  disease,  but  because  of  the  lightning-like 
rapidity  with  which  the  infection  spreads,  not  only  from  one 
community  to  another,  but  also  from  one  locality  to  another  far 
distant. 

Invisibility  and  Noitcitltixvbility. — The  characterizations  of 
invisibility  and  incultivability  are  relative  and  temporary.  One 
notable  and  most  intercstitig  exception  is  the  virus  of  pleuropneu- 
monia of  cattle.  Before  this  virus  was  proved  to  be  filterable, 
Nocard  and  Rous,*'  by  one  of  the  most  brilliant  strokes  in  re- 
search, succeeded  in  cultivating  the  causative  organisms  by  means 
of  cultures  in  sterile  collodion  sacs,  which  were  incubated  in  the 
peritoneal  cavity  of  the  rabbit.  Finally,  by  means  of  the  most 
improved  lenses,  the  small  organisms,  now  regarded  as  the 
smallest  visible  microscopical   forms,  were  demonstrated. 

For  several  years  the  routine  diagnosis  of  rabies  has  de- 
pended on  the  histological  examination  of  the  content  of  the 
ganglion  cells  of  the  hippocampus  major  and  other  portions  of 
the  suspected  brain  tissue  for  the  presence  of  the  cell  inclusions 
first  demonstrated  by  Negri,''"  and  since  proved  to  be  charac- 
teristic of  rabid  brain  tissue.  No  proof,  however,  exists  that  the 
Negri  bodies,  although  diagnostic,  are  of  etiological  significance. 

The  virus  of  acute  anterior  poliomyelitis  has  received  consid- 
erable attention  during  the  last  few  years.  I'lexner"  and  his 
associates  isolated  a  globoid  organism,  which  they  claim  is  the 
specific  causative  agent ;  at  the  same  time  Roscnow"  and  his 
followers  have  conducted  extensive  studies  with  cocci  isolated 
from  the  spinal  fluid  of  poliomyelitis  cases,  including  inoculation 
into  monkeys,  scrum  reactions,  and  the  limited  use  of  experi- 
mental atilisera — all  with  iiromising  results. 
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The  streptococcus  is  generally  regarded  as  closely  related  to 
scarlet  fever,  but  no  definite  proof  exists  as  to  its  specific  prop- 
erties. 

Mallory  and  Medlar*"  have  reported  the  presence  of  Bacillus 
scarlatincv  in  the  tonsillar  crypts,  trachea,  and  lungs  of  scarlet 
fever  patients. 

Typhus  fever,  comparatively  recently,  has  been  the  subject  of 
investigation  by  Plotz,''"  who  succeeded  in  isolating  a  small 
anaerobic  bacillus  which  he  was  able  to  check  up  by  means  of 
animal  inoculations. 

Active  Immunity. — It  is  especially  interesting  and  of  promis- 
ing significance  to  note  that,  among  nearly  all  of  the  diseases  of 
this  group,  one  finds  that  in  those  individuals  who  survive  the 
infections  there  exists  an  extraordinarily  high  immunity.  Active 
immunity,  relatively  permanent  in  duration,  characterizes  this 
group  of  viruses.  Because  of  this  fortunate  fact  it  has  been 
possible  to  develop  methods  of  artificial  immunization  against  a 
number  of  these  diseases  and,  in  some  instances,  specific  sub- 
stances for  therapeutic  treatment. 

By  treating  naturally  immune  animals,  of  susceptible  species, 
with  relatively  large  doses  of  the  virus  in  question,  effective  anti- 
sera  have  been  developed  for  the  specific  treatment  of  a  few  of 
these  diseases.  Among  these  may  be  mentioned  the  antisera  of 
foot-and-mouth  disease,  hog  cholera,  and  cattle  plague. 

For  a  number  of  these  diseases  vaccines  are  available.  Small- 
pox vaccine,  the  pioneer  biologic  preparation,  is  prepared  by 
passage  of  the  smallpox  virus  through  the  bovine  species,  thus 
modifying  its  virulence.  The  Pasteur  treatment  for  rabies,  suc- 
cessful for  so  many  years,  consists  of  the  fixed  virus,  attenuated 
by  drying  or  dialysis. 

FILTRATION    EXPERIMENTS. 

J'ariations  in  Filters. — The  simplest  filter,  with  the  exception 
of  paper,  which  of  course  is  not  impervious  to  bacteria,  consists 
of  diatomaceous  or  infusorial  earth.  This  may  be  arranged  in 
layers,  pressure  applied,  and  colloidal  material  retained  in  the 
filter.  Berkefeld  filters  are  made  in  three  different  grades  of 
porosity — small,  medium,  and  large.  The  ordinary  Berkefeld 
filter,  or  filters  of  this  type,  should  always  be  tested  before  use, 
as  imperfections  are  frequently  found.    The  Handler  filter,  man- 
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ufactured  bj-  the  Infusorial  Products  Company,  Toledo,  O.,  is 
recommended  as  a  satisfactory  candle.  Doubtless  the  results  of 
many  uncontrolled  and  inaccurate  filtration  experiments  have 
been  reported  because  of  faulty  filters.  A  simple  test,  described 
by  Ferr)-,^'  originally  reported  by  Bulloch  and  Craw,^-  consists 
in  attaching  the  filter  candle  to  a  compressed  air  tube,  through 
which  the  pressure  is  registered  on  a  gauge.  The  filter  is  then 
immersed  in  a  glass  container  filled  with  water,  the  air  pressure 
applied,  and  observation  made  of  the  air  bubbles  as  they  escape 
through  the  pores  of  the  filter  into  the  water.  For  ordinary 
filtration  work  the  filter  candle  should  maintain  8  to  12  pounds 
pressure,  while  the  escaping  air  bubbles  should  be  uniform  in 
size  and  densit)'  over  the  entire  surface  of  the  candle.  Imper- 
fections, when  found,  usually  occur  near  the  base  or  joiiU  of  the 
filter. 

Filters  of  finer  degree  of  porosity  are  illustrated  by  the  Cham- 
berland  and  Pukall  candles,  which  are  made  of  porcelain.  The 
virus  of  foot-and-mouth  disease  will  readily  pass  through  the 
more  porous  Berkefeld  filters,  but,  if  it  is  forced  through  the 
porcelain  filter  a  few  times,  the  infective  agents  are  retained. 
The  virus  of  many  other  infections,  such  as  those  of  chicken 
plague  and  hog  cholera,  will  pass  through  the  finest  porcelain, 
even  after  repeated  passages  through  the  same  filter. 

A  further  development  in  filtration  experiments  has  been 
brought  about  by  means  of  the  "ultrafilter."  The  method  was 
first  devised  by  chemists  for  the  purpose  of  holding  back  colloid 
material.  It  consists  in  the  use  of  ordinary  filter  paper,  which  is 
thoroughly  impregnated  with  collodion,  gelatin,  or  agar.  Bechold 
has  constructed  an  improved  apparatus  based  on  this  method. 
Filter  papers,  properly  impregnated  with  collodion,  arc  placed  on 
perforated  discs  so  constructed  that  pressure  of  known  degree 
may  be  applied.  Fluids  pass  through  such  a  filter  with  compara- 
tive difficulty.  Smallpox  virus  has  been  first  covered  by  layers 
of  agar,  which  retained  the  infective  agents,  as  no  virus  was 
contained  in  the  filtrate.  Belegh'"'^  has  succeeded  in  demon- 
strating that  iiog  cholera  virus  may  be  retained  by  the  Bechold 
filter. 

These  experiments  show  that  among  this  group  of  viruses  the 
infective  ageiUs  in  some  instances  may  be  retained  by  filters  of 


sufficiently  small  porosity,  thus  suggesting  that  there  exist  specific 
ultravisible,  pathogenic  bodies  of  dififerent  sizes. 

Filtration  by  gravity  alone,  or  with  very  low  pressure,  results 
in  the  passage  of  small  motile,  flexible  microorganisms.  When 
relatively  strong  pressure  is  used,  small  particles  are  rapidly 
forced  into  the  canaliculi  of  the  filter,  thus  filling  the  pores  of 
the  filter  and  blocking  further  passage. 

In  conducting  filtration  experiments,  therefore,  it  is  necessary 
to  observe  the  following  points :  Variation  in  filters,  absorption 
of  colloidal  material,  pressure  used  in  filtration,  and  time  of 
filtration.  Finally,  in  order  to  prove  that  the  filtration  experi- 
ment has  been  accurately  and  successfully  carried  out,  the  ex- 
periment should  be  controlled  by  cultural  and  inoculation  tests. 
Cultures  made  on  various  artificial  media  from  the  filtrate  should 
remain  sterile.  This  proves  that  no  known  bacterial  forms  can 
be  passed  through  the  filter.  The  inoculation  of  animals  sus- 
ceptible to  the  virus,  supposed  to  be  contained  in  the  filtrate, 
should  result  in  the  production  of  the  disease  in  question,  in- 
volving phenomena  typical  of  the  disease,  such  as  proper  period 
of  incubation,  typical  symptoms,  death,  and  characteristic  lesions. 
One  of  the  difficulties  involved  in  the  study  of  filterable  viruses 
depends  on  the  fact  that  the  specific  virus  in  most  cases  can  be 
recognized  only  by  inoculation  of  susceptible  species  of  animals. 
For  illustration,  hog  cholera  virus  will  produce  the  disease  only 
in  swine,  the  various  species  of  ordinary  laboratory  animals 
being  entirely  insusceptible  to  hog  cholera  virus. 

Wolbach,  Chapman  and  Stevens^*  have  conducted  some  inter- 
esting filtration  experiments  from  which  they  conclude  that 
"trypanosomes  from  cultures  and  from  animal  tissues  are  not 
filterable  through  bacteria-proof  filters." 

Novy  and  MacNeaP"  have  reported  the  successful  passage  of 
Spirochcsta  duttoni  through  Berkefeld  filters.  Wolbach  and 
Binger^^  have  cultivated  two  filterable  spirochetes,  Spirochceta 
elitsa  and  Spirochccta  bifl'exa,  both  isolated  from  water. 

ULTRAMICROSCOPY. 

No  successful  work  has  been  done  toward  the  development  of 
microscopical  methods  which  will  demonstrate  the  small  organ- 
isms assumed  to  be  present  in  the  viruses  of  this  group  of  dis- 
eases.   According  to  Loeffler,^  Abbe  and  Helmhold  estimate  the 
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limit  of  microscopical  vision  as  about  0.2  micron.  In  other  words, 
a  microorganism  which  is  larger  than  0.2  micron  may  be  seen 
distinctly  by  means  of  a  properly  constructed  and  adjusted  system 
of  lenses.  An  organism  less  than  0.2  micron  in  diameter  may 
be  magnified  by  means  of  powerful  lenses,  but  in  so  doing  the, 
distinctness  of  the  image  is  obliterated,  so  that  no  accurate  vision 
of  the  image  can  be  obtained. 

It  is,  of  course,  a  well-known  fact  that  there  is  a  great  varia- 
tion of  size  among  the  ordinary  bacterial  forms.  One  of  the 
smallest  known  pathogenic  organisms  is  the  Bacillus  infltienzce 
of  Pfeiffer,  which  is  about  one  micron  in  length  and  four-tenths 
microns  in  width.  The  small  Bacillus  tiiurisepficus  is  a  tiny 
organism  in  contrast  to  the  large,  square-ended  Bacillus  anthracis. 
Since  there  exists  such  a  variation  in  size  and  form  among  bac- 
teria which  are  well  known,  it  seems  quite  logical  to  believe  that 
there  are  living  microorganisms  smaller  than  the  influenza  bacillus 
or  the  bacillus  of  mouse  septicemia,  which,  under  present  condi- 
tions as  to  microscopical  facilities,  are  ultravisible.  Moreover,  it 
seems  reasonable  to  conclude,  from  the  results  of  various  filtra- 
tion experiments  in  which  filters  of  varying  degrees  of  porosity 
are  used,  that  this  group  of  ultravisible  microorganisms  may  vary 
among  themselves  as  to  size  and  form. 

In  attempting  to  perfect  means  by  which  the  range  of  micro- 
scoi)ic  vision  might  be  developed  still  further,  investigators  have 
attempted  to  work  with  light  of  shorter  wave  lengths  than  ordi- 
nary light.  Ultraviolet  rays,  whose  wave  lengths  are  only  one- 
half  as  long  as  ordinary  light,  have  been  tried  and  found  to  be 
of  no  practical  advantage. 

Among  various  staining  mclliods  which  have  l)ecn  tried  are 
those  which  were  submitted  by  Loeftler  and  others  for  the  pur- 
pose of  rendering  visil)le  the  llagella  of  bacteria,  .'^nch  methods, 
however,  appear  to  be  of  no  avail  when  applied  In  liic  various 
ultravisible  viruses. 

The  dark  ground  illumination  method,  which  was  developed  a 
few  years  ago  and  which  has  foinid  a  place  in  practically  every 
working  bacteriological  laboratory,  jirobably  represents  the  most 
successful  practical  advance  of  recent  years  in  perfecting  the 
lechnic  of  niicrosco])ical  observation.  Hy  means  of  the  dark 
ground  illuminator  the  images  of  small  microscopical  forms  are 


reflected  by  strong  light  on  a  dark  background,  thus  affording  a 
means  of  studying  to  great  advantage  small  microorganisms  in 
the  living  condition.  Such  an  apparatus  is  almost  indispensable 
in  studying  such  forms  as  spirochetes. 

ARTIFICI.\L    CULTIN'ATION. 

Cultural  experiments  have  been  made  with  practically  all  of 
the  viruses  involved  in  this  group  of  diseases.  In  so  far  as 
artificial  cultivation  of  a  given  virus  is  concerned,  the  problem 
depends  on  the  simulation  of  conditions  existing  in  the  host,  as 
related  principally  to  food  requirements  and  thermal  conditions. 
It  is  for  this  reason  that  ordinary  bacteria,  which  thrive  on  living 
or  dead  tissue,  prefer  artificial  culture  media  in  which  beef 
bouillon  and  peptone  form  a  basis,  while,  at  the  same  time,  soil 
bacteria  flourish  on  artificial  media  composed  of  soil  infusions. 

Attempts  have  been  made  to  cultivate  the  ultravisible  viruses 
on  ev.ery  conceivable  kind  of  culture  medium,  including  fluid  and 
solid  media  with  acid,  neutral,  and  alkaline  reactions,  subjected 
both  to  aerobic  and  anaerobic  conditions,  and  to  various  oxygen 
pressures,  with  the  addition  of  small  particles  of  tissue,  fresh 
blood,  dissolved  blood,  albuminous  materials  of  various  kinds 
and  their  cleavage  products,  different  sugars  and  other  combina- 
tions which  it  has  been  possible  to  devise. 

Mention  has  already  been  made  of  the  wonderful  work  of 
Nocard  and  Roux,*^  who  succeeded  in  growing  the  virus  of  cattle 
pleuropneumonia  by  means  of  the  collodion  sac.  This  mehtod 
has  been  unsuccessfully  tried  with  other  filterable  viruses.  BorreF' 
succeeded  in  culturing  the  virus  of  sheeppox  under  the  skin  of 
the  abdomen  of  sheep,  but  it  was  not  possible  to  demonstrate  the 
character  of  the  organism  present  in  the  fluid  which  accumulated 
in  the  artificial  abdominal  pocket.  Borrel  found  that  the  fluid 
obtained  from  such  an  artificial  culture  was  active  in  dilutions 
of  from  1 :10,000  to  1 :20,000.  He  also  showed  that  healthy  sheep 
could  be  protected  against  the  disease  by  the  simultaneous  use 
of  this  virus  and  antisheep  serum  in  proper  amounts. 

Marchoux^'**  succeeded  in  artificially  cultivating  the  etiologic 
factor  of  fowl  pest  on  a  culture  medium  consisting  of  glucose 
agar,  upon  which  was  placed  a  layer  of  defibrinated  chicken 
blood.     After  several   days'   incubation  a   second   culture  was 
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inoculated  from  the  first ;  from  this  a  third  culture,  and  so  on 
until  ten  generations  had  passed.  After  ten  generations  on  this 
artificial  culture  medium.  J^  c.c.  of  the  fluid  killed  fowls  in  two 
days,  and  Borrel  estimated  that  the  dilution  of  the  original  virus 
was  of  such  degree  that  the  fowls  which  received  the  killing 
dose  of  virus  from  the  culture  representing  the  tenth  generation 
were  inoculated  with  approximately  1  c.c.  of  the  original  virus, 
diluted  in  a  volume  of  fluid  equal  to  the  size  of  the  earth.  Thus 
it  was  shown  that  actual  multiplication  took  place  in  Marchoux' 
artificial  cultures,  but  the  nature  of  the  ultravisible  organisms 
remained  undetermined. 

The  work  of  Plotz  in  connection  with  typhus  fever  and  that  of 
Flexner  and  Noguchi,  as  well  as  the  work  of  Rosenow,  of  the 
Mayo  Clinic,  in  studying  poliomyelitis,  have  been  mentioned.  It 
is  quite  possible  that  the  etiologic  factors  involved  in  some  of 
these  diseases  may  prove  to  be  organisms  which  have  been 
entirely  overlooked,  and  which  are  not  ultravisible  or  noncul- 
tivable.  Failure  to  recognize  some  of  these  forms  may  be  due 
entirely  to  the  wrong  choice  of  conditions  under  which  they 
have  been  studied,  and  the  absence  or  neglected  observation  of 
various  significant  clues  which  might  lead  to  their  identity.  As 
an  illustration  of  this  point,  many  will  remember  the  work  of 
Dr.  Theobald  Smith,  and  his  associates  years  ago,  in  attempting 
to  determine  the  cause  of  Texas  fever  in  cattle.  These  workers 
carried  out  an  extensive  series  of  experiments  on  the  blood  of 
cattle  infected  with  Texas  fever,  as  well  as  carefully  planned 
isolation  experiments  for  the  purpose  of  determining  the  mode 
of  transmission  of  the  disease.  The  latter  work  resulted  in  the 
clear  demonstration  of  the  role  of  the  cattle  tick  as  the  inter- 
mediary host.  After  this  was  determined,  elaborate  work  was 
done  on  the  parasite,  including  the  histological  study  of  many 
serial  sections  of  the  cattle  tick,  in  the  hope  that  the  Texas  fever 
organism  in  certain  stages  of  its  life  cycle  might  be  found  in 
some  of  the  sections.  Finally  the  outcome  of  the  proljlcni,  in  so 
far  as  the  recognition  of  the  organism  concerned,  looked  almost 
hopeless  until  one  of  the  workers  observed  some  small,  pear- 
shaped  bodies  in  the  red  blood  corpuscles  of  cattle  sulTering  from 
the  disease.  Comparison  of  smears  of  this  blood  with  those 
made  from  healthy  cow's  blood  showed  the  absence  of  the  peculi- 


arly  shaped  bodies  in  the  red  blood  corpuscles  of  the  blood  of 
normal  cattle.  Diligent  study,  with  this  clew  in  hand,  led  to  the 
absolute  conclusion  that  these  pear-shaped  bodies  were  proto- 
zoans, and  represented  the  specific  etiological  factor  involved 
in  Texas  fever. 

Strange  as  it  may  seem,  the  slides  previously  made,  consisting 
of  smears  from  a  great  number  of  infected  cattle,  and  the  sec- 
tions of  the  cattle  ticks  which  had  ingested  the  blood  of  infected 
cattle,  showed  clearly  the  presence  of  this  organism  now  recog- 
nized as  Piroplasma  bigeminum,  the  specific  protozoan  of  Texas 
fever. 

OTHER   MORE   IMPORTANT   FILTERABLE  VIRUSES   RELATED   TO   THE    SPECIFIC 
INFECTIOUS   DISEASES   OF   MAN. 

Under  this  head,  one  might  consider  rabies,  smallpox,  mumps,  acute 
anterior  poliomyelitis,  yellow  fever,  measles,  scarlet  fever,  typhus  fever, 
trachoma,  molluscum  contagiosum,  sand  fly  or  pappataci  fever,  dengue 
fever,  and  foot-and-mouth  disease. 

RABIES    (LYSSa). 

Definition. — An  acute  infectious  disease  of  warm-blooded  animals, 
characterized  by  acute  onset,  mental  excitement,  convulsions,  paralytic 
symptoms,  and  high  mortality. 

Etiology. — Filterable  virus  (Remlinger"). 

Resistance. — The  virus  is  destroyed  in  half  an  hour  at  temperature  of 
55°-S8°  C,  by  gastric  juice  in  Ayi  hours,  and  by  bile  in  a  few  minutes.  It 
is  easily  destroyed  by  ordinary  antiseptic  solutions.  The  virus  is  some- 
what resistant  to  drying,  freezing,  and  putrefaction. 

Cell  Inclusions. — Negri  bodies  are  specific. 

Cultivation. — Moon"  has  submitted  a  preliminary  report,  showing  the 
results  of  successful  cultivation  of  the  virus  on  an  artificial  culture 
medium  as  demonstrated  by  inoculation  experiments.  Poor  and  Stein- 
hardt°°  have  described  the  results  of  their  study  of  the  virus  after  obtain- 
ing it  free  from  the  cells  of  the  host  and  contaminating  organisms. 
Noguchi"  reported  the  observations  of  multiplying  nucleated  bodies  in 
artificial  culture  media  inoculated  with  rabies  virus.  These  nucleated 
bodies,  which  Noguchi  regards  as  protozoa,  were  capable  of  producing 
the  disease  when  inoculated  into  experimental  animals. 

Laboratory  Diagnosis. — Accurate  diagnosis  is  dependent  on  the  obser- 
vation of  Negri  bodies  in  the  brain  tissue  of  the  animal  transmitting  the 
disease.  Positive  findings  of  Negri  bodies  may  be  verified  by  the  inocula- 
tion of  rabbits,  subdurally,  with  suspensions  of  the  suspected  brain  tissue. 
If  positive,  "dumb  rabies"  will  be  produced  in  14  to  18  days. 

Transmission. — Propagated  chiefly  by  the  dog.     The  virus  is  contained 
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in  the  nervous  system,  and  is  transmitted  in  some  of  the  secretions,  espe- 
cially the  saliva. 

Period  of  Incubation. — Varies;  average  is  six  to  eight  weeks.  In  some 
cases  it  has  been  less  than  two  weeks  and  in  others  one  year  or  more. 

/mMiH«i7j.— Active  immunity  originally  determined  by  Pasteur,  whose 
vaccine  has  been  used  successfully  for  many  years.  Passive  immunity 
not  established. 

SMALLPOX     (variola). 

Definition. — "An  acute  infectious  disease  characterized  by  a  cutaneous 
eruption,  which  passes  through  the  stages  of  papule,  vesicle,  ""tstule,  and 
crust"  (Osier). 

Etiology. — Filterable  virus   (Casagrandi,  1908). 

FiUcrability. — Virus  passes  through  Bcrkcfeld  filters. 

Resistance. — Resists  50  per  cent  glycerin  for  eight  to  ten  months,  or 
drying  for  several  weeks.  Destroyed  at  temperature  of  58°  C.  in  IS  min- 
utes, and  shows  weak  resistance  toward  ordinary  antiseptic  solutions. 

Cell  Inclusions. — Studied  by  Guarnier""  (1892)  and  Councilman,  Brinck- 
erhoflF,  and  Tyzzer'"  (1906),  and  thought  by  some  to  be  specific  protozoa. 

Cultivations. — Belin",  Steinhardt,  Israel,  and  Lambert"'  (1913)  have 
recorded  the  results  of  the  incubation  of  the  virus  of  vaccinia  in  tissue 
cultures.  A  definite  multiplication  or  increase  was  noted,  but  no  specific 
bodies  were  observed. 

Laboratory  Diagnosis. — Force"  suggests  the  intradermal  inoculation  of 
vaccinia  immune  rabbits  with  the  vesicular  contents,  which  will  produce 
an  allergic  reaction. 

Transmission. — The  virus  is  readily  transmitted  by  fomites  and  by  indi- 
viduals who  have  come  in  contact  with  the  disease. 

Period  of  Incubation. — Xine  to  fifteen  days. 

Immunity. — Active  immunity  originally  observed  by  Jcnner.  Passive 
immunity  not  successful. 


Definition. — "A  specific  disease  characterized  by  fever  and  swelling  and 
tenderness  of  the  salivary  glands,  usually  of  the  parotids,  but  sometimes 
of  the  submaxillary  and  sublingual  glands"  (Osier  and  McCrae). 

Etiolocjy. — Filterable  virus  reported  by  Granata"  (1908)  and  by  Gor- 
don" (1914),  confirmed  by  Wollstein,'"  who  succeeded  in  developing 
parotitis  and  orchitis  in  experimental  animals  from  inoculations  of  sterile 
filtrate  of  infected  saliva. 

Transmission. — Usually  by  direct  contact. 

Period  of  Incubation. — Average  period  is  about  three  weeks. 

Resistance. — The  virus  is  destroyed  at  55°   Q 

Laboratory  Diagnosis. — Fciling"  calls  attention  to  blood  changes,  in- 
cluding lymphocytosis,  which  are  of  value  in  differentiating  mumps  from 
other  inflammatory  swelling  of  the  parotid  and  submaxillary  glands. 

Immunity. — Active  immunity  is  usually  conferred  by  one  attack. 


ACUTE  ANTERIOR  POLIOMYELITIS. 

(Infantile  paralysis,  Heine-Medin's  disease.) 

Definition. — "An  acute  infection  occurring  in  both  epidemic  and 
sporadic  forms,  characterized  anatomically  by  wide-spread  lesions  of  the 
nervous  system,  with  special  localization  in  a  majority  of  cases,  in  the 
anterior  horns  of  the  gray  matter  in  the  spinal  cord"  (Osier). 

Etiology. — P'ilterable  virus  (Lentz,°'  Landsteiner  and  Levaditi,"  Flex- 
ner  and  Lewis'"). 

FUterability. — Virus  passes  through  Berkefeld  and  Chamberland  filters. 

Resistance. — Resists  glycerin  one  month,  drying  and  freezing  for  sev- 
eral weeks.  Destroyed  in  half  an  hour  at  temperature  of  45°  C.  and  by 
relatively  weak  antiseptic  solutions.  Dochez°°  has  shown  that  it  survives 
the  action  of  the  gastric  and  intestinal  secretions  when  swallowed. 

Cultivation. — Flexner  and  Noguchi™  have  successfully  cultivated  the 
virus  under  anaerobic  conditions,  and  have  identified  the  specific  micro- 
organism as  consisting  of  "globoid  bodies  measuring  from  0.15  to  0.3  /' 
in  diameter,  arranged  in  pairs,  chains,  and  masses,  according  to  the  con- 
ditions of  growth  and  cultivation."  This  microorganism  passes  through 
Berkefeld  filters.  No  attempt  has  been  made  to  classify  it,  and  it  is  not 
known  what  scale  of  living  organisms  these  globoid  bodies  occupy. 

Transmission. — Transmitted  experimentally  through  monkeys  by  inject- 
ing the  virus  as  found  in  the  central  nervous  system.  Natural  method  of 
transmission  is  not  known. 

Period  of  Incubation. — Five  to  ten  days. 

Iininunity. — Active  immunity  has  been  produced  experimentally  by  the 
use  of  graded  doses  of  virus. 

Passive  immunity,  according  to  the  experiments  of  Flexner  and  Lewis 
on   monkeys,  is  possible. 

YELLOW    FEVER. 

Definition. — "A  fever  of  tropical  and  subtropical  countries,  character- 
ized by  a  toxemia  of  varying  intensity,  with  jaundice,  albuminuria,  and  a 
marked  tendency  to  hemorrhage,  especially  from  the  stomach,  causing  the 
'black  vomit' "  (Osier). 

Etiology. — Filterable  virus.  Reed  and  Carroll,"  1901. 

FUterability. — Passes  through  Berkefeld  and  Chamberland  filter  B. 

Resistance. — Destroyed  in  ten  minutes  at  temperature  of  55°  C.  and  at 
24°-30°  C.  in  48  hours. 

Transmission. — By  mosquitoes,  Stegomyia  fasciata.  Cannot  be  trans- 
mitted by  fomites.  The  blood  of  the  patient  appears  to  contain  the  virus 
for  a  period  of  only  about  three  days  after  disappearance  of  symptoms. 

Period  of  Incubation. — Forty-one  hours  to  five  and  one-half  days 
(experimental). 

Immunity. — Active  immunity  usually  follows  one  attack,  as  shown  by 
evidence  submitted  by  Carter." 
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(measles.) 

Definition. — "An  acute,  highly  contagious  fever,  with  specific  localiza- 
tion in  the  upper  air  passages  and  in  the  skin"  (Osier). 

Etiology. — A  filterable  virus  (Goldberger  and  Anderson").  Found  in 
the  blood,  buccal,  and  nasal  secretions  and  in  the  skin.  The  Rhesus 
monkey  is  susceptible  to  the  disease  through  inoculation  with  the  blood 
of  patient. 

Filterability. — Virus  passes  through  Berkefeld  filters. 

Resistance. — Virus  resists  drying  or  freezing  for  24  hours.  Destroyed 
by  a  temperature  of  .^0°  C.  in  15  minutes. 

Laboratory  Diagnosis. — Blood  examination  shows  a  leucopenia  and 
eosinopenia  (Hecker'^). 

Transmission. — Direct  contagion  is  very  common.  Transmitted  by 
fomites. 

Period  of  Incubation. — Seven  to  eighteen  days ;  average  incubation 
period  is  about  14  days. 

Jmmtinity  and  Mortality. — According  to  Herman."  44,080  deaths  oc- 
curred from  measles  in  the  United  States  from  1900  to  1910.  About 
30,000  cases  are  reported  annually  in  New  York  City,  and  it  is  estimated 
that  95  per  cent  of  the  entire  population  of  this  country  are  infected  with 
measles  at  some  period  of  life. 

Infants  under  5  months  are  relatively  immune.  One  attack  of  measles 
usually  confers  immunity  for  life.  Herman  suggests  tlie  inoculation  of 
children  under  5  months  old  with  active  filtered  virus  for  protective  pur- 
poses.    Passive  immunity  not   successful. 

SC.SRLET  FEVER    (SCARLATINA). 

Definition. — "An  infectious  disease  characterized  by  diffuse  exanthem 
and  an  angina  of  variable  intensity"  (Osier). 

Etiology. — Little  definite  knowledge  exists  as  to  the  nature  of  the  cause. 
Bernhardt'"  and  Cantacuzene"  reported  the  successful  infection  of  mon- 
keys with  bacteria-free  Berkefeld  filtrates. 

Resistance. — The  virus  is  quite  distinctive  in  that  it  is  relatively  re- 
sistant toward  ordinary  methods  of  disinfection.  The  Infective  agent 
survives  drying  for  some  time. 

Cell  inclusions. — Mallory"  (1904)  described  protozoan-like  inclusions 
in  the  skin  lesions.  Ross"  found  large  cell  inclusions  within  the  cytoplasm 
of  the  large  lymphocytes  during  the  acute  febrile  period. 

Bacteriology. — Streptococcus  pyogenes  is  found  in  the  nasal  secretions, 
in  the  throat,  and  in  the  blood  of  patients.  Class"  found  a  diplococcus  in 
the  secretions  of  the  throat  and  later  Schultze"  and  also  Ferry"  found  a 
diplococcus  somewhat  similar  to  the  form  described  by  Class.  Pryer  and 
Kelly"  have  isolated  a  pleomorphic  diphtheroid,  which  varies  from  a  coccus 
to  a  rod-shaped  form.  Mallory  and  Medlar"  have  described  Bacillus 
scarlalin<r,  which  they  regard  of  etiological  significance. 

Transmission. — The  disease  is  extremely  contagious.  The  infection  is 
carried  by  clothing,  bedding,  furniture;  successful  disinfection  is  diflicult. 
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Period  of  Incubation. — One  to  seven  days,  more  often  2-4  days. 
Immunity. — Active  immunity  is  conferred  by  one  attack. 

TYPHUS  FEVER. 

(Hospital  fever,  spotted  fever,  jail  fever,  camp  fever,  ship  fever.) 

Definition. — "An  acute  infectious  disease  of  unknovifn  origin,  highly 
contagious,  characterized  by  sudden  onset,  maculated  and  hemorrhagic 
rash,  marked  nervous  symptoms,  and  a  cyclical  course  terminating  by 
crisis"  (Osier). 

Etiology. — Nicolle™  reported  the  filterability  of  the  European  virus. 
Ricketts  and  Wilder,*"  Anderson  and  Goldberg,"  Gavino  and  Girard,'" 
working  with  the  American  virus,  were  not  able  to  confirm  Nicolle's 
results. 

Filterability. — Nicolle  was  able  to  pass  the  virus  through  the  coarser 
Berkefeld  filters. 

Resistance. — The  thermal  death  point  of  the  virus  is  55°  C. 

Cultivation. — Ricketts  and  Wilder  observed  a  few  small  bacilli  in  the 
blood  of  Mexican  patients.    Plotz™  describes  a  bacillus  as  the  specfic  cause. 

Transmission. — Transmitted  by  the  body  louse  (Pediculus  vestimen- 
torutn).  The  virus  is  present  in  the  blood,  especially  a  few  days  after 
the  fever  has  appeared,  and  the  infection  is  probably  present  in  expired 
air  and  on  the  skin.     The  infectious  agent  is  carried  by  fomites. 

Period  of  Incubation. — About  12  days. 

Immunity. — Active  immunity  follows  one  attack.  Slight  passive  im- 
munity follows  the  injection  of  the  specific  antiserum. 

TRACHOMA. 

Definition. — "An  inflammation,  generally  of  lengthy  duration,  accom- 
panied by  hypertrophy  of  the  conjunctiva  and  formation  of  granules,  with 
subsequent  cicatricial   changes"    (May). 

Etiology. — There  is  more  or  less  secretion  from  the  inflamed  tissues ; 
the  secretion  affords  a  carrier  of  contagion.  The  filterable  nature  of  the 
virus  was  observed  by  Bertarelli  and  Cecchetto"°) . 

Filterability. — The  virus  passes  through  the  Berkefeld  filters. 

Resistance. — Not  determined. 

Cell  Inclusions. — Some  observations  have  been  made  of  inclusion  bodies 
in  the  affected  conjunctival  tissue  cells. 

Transmission. — By  contact  with  the  secretions.  When  one  eye  is  in- 
volved, frequently  transferred  to  other  eye.  The  disease  spreads  in  schools 
and  public  institutions  by  means. of  towels,  handkerchiefs,  etc. 

MOLLUSCUM  CONTAGIOSUM. 

Definition. — "Small,  soft,  multiple  growths  of  the  skin,  most  frequent 
on  the  face,  arms,  and  chest,  and  in  the  external  genital  organs.  They 
are  lobulated  and  contain  cells  similar  to  those  of  the  rete  malpighii" 
(Delafield  and  Prudden). 

Etiology. — Filterable  virus  described  by  Juliusberg,"  found  in  the  degen- 
erated epithelial  cells. 
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Filterabjlity. — According  to  Juliusberg  the  virus  passes  through  the 
Chamberland  filter. 

Cell  Inclusions. — Round  or  ovoid  bodies  are  found  within  the  cells, 
crowding  the  nuclei  to  one  side.  Some  investigators  believe  these  to  be 
protozoa. 

Transmission. — By  contact  through  skin  abrasions. 

PHLEBOTOMUS   FEVER. 

(Sand  fly,  three-day  or  Pappataci  fever.) 

Definition. — "A  fever  of  two  or  three  days'  duration,  caused  by  the 
bite  of  the  sand  fly  Phlebotomus  pappataci."    A  tiopical  disease. 

Etiology. — Filterable  virus  described  by  Doerr.°"  Active  immunity 
follows  one  attack.  Passive  immunity  not  established.  The  virus  present 
in  the  blood  of  the  patient. 

DENGUE   (dengue  FEVER). 

Definition. — "An  acute  infectious  disease  of  tropical  and  subtropical 
regions,  characterized  by  febrile  paroxysms,  pains  in  the  joints  and 
muscles,  an  initial  erythematous  and  a  terminal  polymorphous  eruption" 
(Osier). 

Etiology. — Filterable  virus  described  by  Ashburn  and  Craig." 

Filterability. — Virus  passes  through  bacteria-proof  Berkefeld  filters. 
The  virus  is  present  in  the  blood. 

Transmission. — Transmitted  by  bite  of  the  mosquito.   Ciile.v  fatigans. 

Immunity. — Active  immunity  of  several  years'  duration  follows  one 
attack.     Passive  immunity  not  determined. 

FOOT-AND-.MOUTH   DISEASE. 

Definition. — An  acute  disorder,  marked  by  its  c.\treme  infectiousness 
and  rapid  dissemination,  and  characterized  by  fever  and  the  appearance 
of  vesicles  in  the  buccal  cavity  and  around  the  coronet  ot  the  foot. 

Etiology. — A  filterable  virus  as  determined  by  the  pioneer  work  of 
Loeffler  and  Frosch.' 

Filterability. — The  virus  passes  readily  through  the  ordinary  Berkefeld 
filters,  but,  if  passed  many  times  through  the  porcelain  filters  (Chamber- 
lain), it  is  held  back  (Loeffler'). 

Resistance. — The  virus  is  destroyed  in  10  minutes  at  50°  C,  drying  for 
24  hours,  freezing  for  five  weeks,  and  by  the  addition  of  the  common 
antiseptics. 

Cell- Inclusions. — Siegel  has  observed  certain  cell  inclusions  to  which 
he  ascribed  pathological  significance. 

Transmission. — The  disease  is  contagious  and  is  transmiltcd  to  man 
rather  rarely,  frequently  to  cattle,  sheep,  and  swine,  and  sometimes  to 
other  domestic  animals. 

Immunity. — Active  imniunily  follows  one  attack.  Passive  immunity 
can  lie  ^hown  by  the  injection  of  serum  frnni  immune  animals. 


GROUPING    OF    ULTRAVISIBLE    VIRUSES    ACCORDING    TO    FUNCTIONAL 
ACTIVITY    AND    ATTENDING    PHENOMENA. 

In  attempting  to  classify  these  diseases  we  find  that  there  are 
practically  only  two  features  which  are  common  to  all — namely, 
the  marked  infectivity  of  the  viruses  and  the  production  of 
active  immunity  conferred  by  one  attack  of  the  disease  in  ques- 
tion. There  are,  in  addition,  several  variable  features,  so  dif- 
ferent, in  fact,  that  very  little  assistance  may  be  derived  from 
their  use  in  attempting  to  classify  the  group  of  viruses.  These 
variable  features  include  the  following: 

1.  Production  of  passive  immunity. 

2.  Methods  of  transmission. 

3.  Resistance  to  chemical  agents,  drying,  and  putrefaction. 

4.  Presence  of  secondary  infection. 

In  some  few  instances  passive  immunity  has  been  demon- 
strated, as  illustrated  by  the  antisera  for  the  treatment  of  hog 
cholera  and  foot-and-mouth  disease.  With  the  majority  of 
these  viruses,  however,  the  experimental  production  of  passive 
immunity  has  not  been  successful,  which  would  indicate  the 
absence  of  specific  toxin  production. 

The  transmission  of  this  group  of  diseases,  as  shown  by  Wol- 
bach,*^  is  brought  about  in  various  ways,  and  may  be  classified 
under  the  following  heads  : 

1.  Intermediate  hosts. 

2.  Contact. 

3.  Air  borne. 

4.  Fomites,  skin  abrasions,  and  unknown  means  of  dissemi- 
nation. 

Those  viruses  which  are  transmitted  by  biting  insects  are 
dengue  {Culex  fatigans),  yellow  fever  (sfegomyia  fasciata), 
and  African  horse  sickness  (Anopheles  and  Stegomyia).  Some 
other  viruses  are  probably  transmitted  by  insects  or  parasitic 
organisms  which  may  not  act  as  necessary  intermediary  hosts. 

A  few  of  these  viruses  require  direct  contact  in  order  to  pro- 
duce infection.  Such  consist  of  infectious  agalactia  of  sheep, 
infectious  stomatitis  of  cattle,  fowl  diphtheria,  fowl  pest,  cattle 
plague,  and  pleuropneumonia  of  cattle.  Probably  many  of  these 
viruses  may  be  borne  by  the  air,  such  as  foot-and-mouth  disease, 
scarlet  fever,  smallpox,  and  hog  cholera. 
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The  majority  of  the  viruses  belonging  to  this  group  are  dis- 
seminated in  various  ways,  including  fomites  and  unknown 
methods  of  transmission :  rabies,  chicken  sarcoma,  and  mollus- 
cum  contagiosum  find  their  entrance  by  means  of  abrasions  in 
the  skin  or  tissues. 

Sufficient  work  has  not  been  done  to  classify  successfully  the 
ultravisible  viruses  according  to  their  relative  resistance  to 
chemical  agents,  drying,  and  putrefaction.  From  results  ob- 
tained thus  far  it  has  been  shown  that  there  exist  great  varia- 
tions, especially  in  regard  to  the  action  against  various  antiseptic 
solutions  and  chemical  reagents.  Aleyer**  gives  a  very  interest- 
ing summary  of  some  of  the  results  which  have  been  obtained, 
and  which  point  to  the  importance  of  further  carefully  planned 
tests  in  order  to  group  systematically  the  viruses  according  to 
their  resistance  toward  different  chemicals. 

Secondary  infection  is  an  important  factor  in  connection  with 
most  of  the  diseases  which  may  be  classed  under  those  of  mi- 
known  etiology.  As  a  good  illustration  of  this,  mention  might 
be  made  of  the  streptococcus  in  connection  with  scarlet  fever; 
the  pneumococcus,  streptococci,  and  the  staphylococci  in 
measles;  bacillus  nccrophoriis,  bacillus  cliolcrce  siiis,  and  various 
pyogenic  bacteria  in  hog  cholera  ;  and  pyogenic  cocci  in  polio- 
myelitis. 

It  will  be  seen  that  the  study  of  tilterable  viruses  has  only 
begini  and  offers  a  wide  field  for  investigation.  We  are  positive 
of  only  a  few  facts  in  connection  with  them,  the  more  important 
of  which  are  that  they  arc  ultravisible,  as  far  as  it  has  been 
possible  to  determine  \.\\<  lo  ilie  ])resent  time,  that  they  are  ex- 
tremely contagious,  that  niosl  of  liicm  are  filterable  through  the 
finest  porcelain  filters,  that  the  viruses  are  pathogenic  even  in 
extreme  dilutions,  that  the  jjroduction  of  active  immunity  is  a 
common  characteristic,  and  that  passive  immunity  production, 
so  far  as  has  been  determined,  is  i)ractically  absent. 

Some  of  these  diseases  may  be  due  tt)  organisms  wiiicii  may 
readily  be  seen  at  certain  stages  in  their  life  cycle,  but  which  as 
yet  have  not  been  observed  because  of  their  possible  dissimilarity 
to  other  microscopic  forms  ■which  are  better  kmnvn.  Iconic  may 
be  due  to  i)rotozoan  forms,  the  specific  iiicnlily  nf  which  is 
difticult  to  determine;  others  nia\'  be  due  to  s])ir()rlulis  or  some 


other  forms  of  microscopic  life  which  are  capable  of  breaking 
up  into  small  constituents,  thus  permitting  their  passage  through 
fine  filters,  and  rendering  them  ultravisible ;  others  may  be  due 
to  ordinary  bacterial  forms  which  present  methods  of  micro 
scopical  technic  and  artificial  cultivation  are  unable  to  detect. 

No  field  of  research  is  more  inviting  than  that  of  the  study  of 
the  ultravisible  viruses.  The  fundamental  study  of  any  specific 
infectious  disease  is  based  on  the  observation  and  accurate  identi- 
fication of  the  specific  causative  factor.  If  the  specific  organism 
is  known  and  thoroughly  studied,  it  is  then  usually  possible  to 
determine  in  a  scientific  way  and  with  accuracy  the  pathology 
and  proper  therapeutic  measures.  Before  attempting  to  develop 
preventive  and  curative  measures,  the  specific  causative  organism 
should,  if  possible,  be  determined.  When  this  is  once  recognized, 
general  methods  now  in  use  in  connection  with  other  diseases 
may  be  applied  without  difficulty,  and  often  with  success,  in 
attempting  to  formulate  methods  for  preventive  and  curative 
treatment. 

There  can  be  no  doubt,  therefore,  that  this  field  requires  more 
intensive  study  than  it  has  heretofore  received,  and  that  it  offers 
to  the  research  worker  the  finest  opportunity  for  practical 
achievement. 
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In  carrying  on  anthelmintic  investigations,  it  is  frequently 
important  to  know  whether  an  anthelmintic  is  purgative  or  con- 
stipating in  character,  whether  purgations  given  with  anthel- 
mintics are  adequate  or  inadequate,  etc.  Certain  diets  are  prone 
to  cause  free  evacuation,  while  others  tend  to  cause  constipation. 
Since  these  facts  should  be  considered  in  the  administration  of 
anthelmintics,  I  have  kept  some  notes  on  dietary  influences  which 
are  given  for  what  general  interest  they  may  have. 

Data  for  over  100  dogs  in  a  series  of  325  dogs  used  in  an- 
thelmintic investigations  are  available,  as  to  the  effect  of  the 
nature  of  the  food  on  the  character  of  the  feces.  The  consistency 
and  color  of  the  feces  were  noted  after  230  feedings  which  were 
given  as  follows:  Bread,  86  feedings;  cooked  meats,  which  con- 
sisted of  small  particles  of  ground  meat  from  which  the  bouillon 
had  been  extracted,  46  feedings ;  uncooked  me^it,  usually  beef 
heart  and  tongue,  ie  feedings ;  bone  with  attached  raw  meat,  17 
feedings ;  a  combination  of  bread  and  uncooked  meat,  31 
feedings ;  a  combination  of  bread  and  bone  with  attached  raw 
meat,  4  feedings.  The  character  of  the  feces  on  those  days  when 
factors  other  than  the  nature  of  the  food  seemed  to  be  operative, 
is  disregarded.  Such  factors,  which  might  influence  the  fecal 
consistency  and  color,  would  be;  (1)  the  anthelmintic  used, 
since  the  anthelmintic  itself  usually  imparts  a  decided  color  to  the 
feces  (a  greenish  color  in  the  case  of  oil  of  chenopodium  or  a 
black  color  in  the  case  of  male-fern)  ;  (2)  the  purgative  usually 
accompanying  the  anthelmintic,  causing  a  diarrheal  condition ; 
(3)  constipation,  either  due  to  the  anthelmintic  or  to  the  animal's 
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unwillingness  to  defecate  in  its  cage,  or  to  other  contributory 
factors;  (4)  intestinal  disorders,  often  resulting  in  diarrhea, 
due  to  bacterial  or  other  parasitic  invasions;  (5)  various  other 
pathologic  conditions,  such  as  obstruction  to  the  flow  of  bile, 
diseases  of  the  pancreas,  etc.;  (6)  disturbance  of  the  factors 
usually  governing  the  fecal  consistency,  viz.,  the  activity  of 
secretion,  of  absorption,  and  the  amount  of  water  drunk. 

Taking  up  these  various  feedings  seriatim,  the  following 
are  the  outstanding  features  in  regard  to  the  consistency  and 
color  of  the  feces  the  day  following  feeding: 

Bread:  The  characteristic  feces  following  a  bread  feeding 
on  the  previous  day  are  light  yellowish  to  yellowish  brown  in 
color  and  loose  to  soft  in  consistency.  After  86  bread  feedings, 
the  next  day's  feces  were  black  and  soft  in  3  cases ;  greenish 
brown  and  soft  in  22  cases ;  light  yellowish  to  yellowish  brown 
and  loose  to  soft  in  48  cases ;  greenish  brown  and  solid  in  6  cases ; 
yellowish  and  fluid  in  6  cases ;  black  to  brown  and  fluid  in  1  case. 

Cooked  meat:  The  characteristic  feces  following  the  feeding 
of  this  finely  ground,  extracted  meat  are  dark  brown  to  black 
and  fairly  soft.  Of  the  46  cooked  meat  feedings,  the  following 
day's  feces  were:  dark  brown  to  black  and  fairly  soft  in  25  cases; 
greenish  brown  and  hard  in  3  cases ;  black  to  brow  n  and  lluid 
in  7  cases;  brown  to  green  and  fluid  in  11  cases. 
;  Uncooked  meat:  Uncooked  meat,  which  consisted  chiefly 
jol  beef  tongue  and  beef  heart,  usually  caused  a  greenish  brown, 
.soft  to  fairly  hard  feces,  often  in  compact  lumps,  the  day  fol- 
lowing feeding..  In  the  case  of  46  feedings,  3  caused  black  and 
soft  feces;  38  greenish  hmwu,  fairly  hard  feces;  4  brownish 
green,  very  hard  feces,  and  1  brownish  green,  fluid  feces. 

Bone  with  meat:  Seventeen  feedings  of  bone  and  attached 
.raw  meat  were  given,  and  in  every  case  very  characteristic  clay- 
colored,  brittle  feces,  appearing  in  small,  cuiiiprai  lumps,  were 
obtained. 

Bread  'i^'ilh  n/7i'  meat:  'ibis  mixed  feeding  of  bread  and 
raw  meat  caused  characteristic  greenish  brown,  rather  soft  feces. 
Of  31  feedings,  25  caused  greenish  brown,  rather  soft  feces;  1 
yellowish  brown,  soft  and  fluid  feces;  three  greenish  brmvn, 
hard  feces ;  1  green,  fluid  feces ;  and  1  brown,  fluid  feces. 

Bone  with  meat  and  I'read:     I'our  such  feedings  were  given, 
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and    in    each    case    characteristic    clay-coIored,    brittle    feces,    in 
small,  compact   lumps,   resulted. 

DIET    MAY    BE   DETERMINED    BY    FECES. 

The  above  data  shows  that  under  normal  conditions  one  can 
determine  with  a  fair  degree  of  certainty  the  diet  on  which  an 
animal  is  kept,  by  means  of  the  color  and  consistency  of  the 
feces.  The  usual  yellowish,  loose  to  soft  feces  due  to  the  feed- 
ing of  bread  is  usually  greater  in  quantity  than  that  of  the 
harder,   darker   feces   following  a  meat   diet. 

The  softer  consistency,  i.  e.,  greater  water  content,  of  the 
feces  following  a  bread  feeding  is  perhaps  due  to  the  stimulation 
of  the  mucous  membrane  by  the  undigested  bread  constituents, 
causing  increased  peristalsis  and  so  hastening  the  transit  through 
the  intestine  and  thereby  shortening  the  period  of  absorption. 
The  amount  of  indigestible  material  in  meat  being  materially 
less  it  would  be  logical  to  conclude  that  there  would  be  more 
complete  absorption  and  smaller  residue,  and  hence  a  more  com- 
pact, solid  feces.  The  smaller  amount  of  indigestible  content 
in  a  purely  meat  diet  would  greatly  prolong  the  intervals  of 
defecation ;  whereas  by  the  addition  of  bread  to  form  a  mixed 
diet,  the  intervals  would  be  greatly  reduced.  We  can  also  ex- 
pect that  inasmuch  as  bread  has  a  greater  amount  of  indiges- 
tible solids  than  meat,  the  quantity  of  feces  following  bread 
diet  will  be  greater  than  that  following  a  meat  diet — that  is, 
provided  the  same  amounts  of  both  foods  are  fed. 

The  color  of  the  feces  is  also  greatly  affected  by  the  nature 
of  the  food.  On  a  meat  diet,  the  color  is  dark,  due  to  hematin 
and  to  ferrous  sulphide,  formed  by  the  action  on  the  hemoglobin 
derivatives  of  sulphuretted  hydrogen  generated  by  bacteria' ilt 
the  intestine.  The  usual  clay-colored  feces  following  the  eat-i 
ing  of  bone  are  due  to  the  calcium  constituent  present. 

STUDY    OF    FECAL    CONSISTENCIES    IMPORTANT. 

The  study  of  fecal  consistencies  due  to  various  foods  is  of 
importance-  to  the  veterinarian  as  well  as  to  the  medical  man.' 
It  is  a  matter  of  importance  to  know  whether  the  feces  are  such' 
as  would  be  expected  after  a  particular  diet,  or  are  altered  as 
a  result  of  some  particular  condition.     Its  interest  in  the  con-- 
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duct  of  anthelmintic  investigations  lies  in   the   fact  that   infor- 
mation can  be  obtained  as  to  the  effect  on  the  feces  of  the  an- 
thelmintic  in    question   in    bringing   about    a    change    from    the 
normal. 

For  example,  the  feces  obtained  after  a  therapeutic  dose 
(0.1  mil  per  kilo)  of  oil  of  chenopodium,  given  with  castor 
oil,  is  usually  fluid  in  consistency  and  green  in  color  in  spite  of 
the  nature  of  the  food  fed.  In  the  case  of  five  dogs  given  a 
therapeutic  dose  of  oil  of  chenopodium,  three  feedings  of  bread 
were  given,  after  which  feces  of  a  yellowish,  soft  character 
would  be  expected ;  one  feeding  of  meat  was  given,  after  which 
greenish  brown,  rather  hard  feces  would  be  expected ;  and  one 
feeding  of  bread  and  meat  combined  was  given,  after  which 
greenish  brown,  rather  soft  feces  would  be  expected ;  but  in 
ever)'  instance  the  feces  the  day  following  treatment  differed 
markedly  from  the  usual  and  normal  feces,  being  fluid  in  con- 
sistency and  green  in  color. 

The  same  was  found  to  be  true  in  the  case  of  various  cheno- 
podium components'  tested  in  our  anthelmintic  series.  Dogs 
■were  given  the  following  preparations,  followed  immediately  by 
30  mils  of  castor  oil,  fluid,  green  feces  resulting  in  all  cases  on 
the  following  day. 

Preparation  No.  13  (the  fraction  of  oil  of  chenopodium  which 
distills  up  to  125°  C.  at  30  mm.  of  mercury)  was  given  to  eight 
dogs  in  the  following  dosage:  one  dog  at  0.05  mil  per  kilo,  two 
dogs  at  0.074  mil  per  kilo,  and  five  dogs  at  0.1  mil  per  kilo.  In 
four  of  the  above  cases,  the  dogs  were  fed  on  uncooked  meat 
and  in  four  cases  on  bread,  the  previous  day. 

Preparation  No.  12  (the  residue  not  distilling  over  at  145°  C. 
at  30  mm.  of  mercury)  was  given  to  two  dogs  at  the  rate  of  0.1 
mil  per  kilo,  one  of  the  dogs  being  fed  bread  the  previous  day, 
the  other  being  fed  uncooked  meat.  Preparation  No.  14  (the 
fraction  not  distilling  over  at  125°  C.  at  30  mm.  of  mercury) 
was  given  to  four  dogs  as  follows:  one  dog  at  0.05  mil  per  kilo, 
one  at  0.074  mil  per  kilo,  and  two  at  0.1  mil  per  kilo.  In  each 
case  the  dog  was  fed  uncooked  meat  the  previous  day.  Prepara- 
tion No.  16  (the  residue  not  distilling  over  at  130°  C.  at  25  mm. 


'Hall,  M.  C,  and  Hamilton,  H.  C.  Invcsligations  of  oil  of  chenopodium  .ind  the 
antbelmintic  value  of  sonic  of  iti  components,  Jour.  Pharm.  &  Exp,  Therap.,  1018, 
V.   11    (8),  Apr.,  p.  281. 


271 

of  mercury)  was  given  to  one  dog  at  the  rate  of  0.1  mil  per  kilo. 
The  animal  was  fed  meat  the  preceding  day.  Preparation  No.  19 
(the  residue  not  distilling  over  at  100°  C.  at  2  to  5  mm.  of  mer- 
cury) was  given  to  one  dog  at  the  rate  of  0.1  mil  per  kilo.  The 
dog  was  fed  meat  the  previous  day. 

Chenopodium  itself  is  constipating  in  character,  and  in  our 
experiments  a  purgative  (castor  oil)  was  administered  to  insure 
prompt  passage  of  the  anthelmintic  through  the  digestive  tract  to 
lessen  the  local  and  systemic  effects  that  may  result  from  rapid 
absorption  of  the  vermifuge.  If  chenopodium  is  administered 
in  lethal  doses,  or  in  doses  several  times  the  therapeutic  dose, 
with  a  purgative,  such  as  castor  oil,  the  constipating  effect  of  the 
chenopodium  very  often  masks  the  purgative  effect  of  the  castor 
oil,  and  hard,  dark  feces  or  no  feces  at  all  result  the  day  follow- 
ing treatment. 

This  fact  is  exemplified  by  two  dogs  in  our  tests  of  chenopo- 
dium components.  One  dog  was  given  Preparation  No.  14,  and 
the  other  Preparation  No.  18  (the  portion  distilling  below  100° 
C.  at  2  to  5  mm.  of  mercury).  In  the  first  case  the  dog  was 
given  a  lethal  dose  (0.6  mil  per  kilo)  which  was  preceded  by 
30  mils  of  castor  oil.  The  following  day's  feces  were  solid,  hard, 
and  dark  brown  instead  of  the  expected  fluid,  green  feces.  In 
the  second  case  the  dog  was  given  ten  times  the  therapeutic  dose 
(1  mil  per  kilo)  which  was  administered  with  60  mils  of  castor 
oil,  15  mils  being  given  before,  15  with,  and  30  mils  after  the 
administration  of  the  drug.  The  following  day  no  feces  were 
obtained  instead  of  the  fluid,  green  feces  one  might  expect  if  the 
purgative  were  operating  effectively. 

SUMMARY. 

Soft,  light-colored,  plentiful  feces  are  indicative  of  a  bread 
diet.  Dark,  fairly  hard  feces  in  comparatively  small  amounts  are 
indicative  of  a  raw-meat  diet.  Very  dark,  fairly  soft  feces  in 
small  amounts  are  indicative  of  a  finely  chopped  cooked-meat 
diet.  (This  seems  to  be  especially  true  when  the  meat  is  fed 
while  still  warm.)  Clay-colored,  brittle  feces  in  small  lumps 
are  indicative  of  some  bone  constituent  in  the  diet. 

Therapeutic    doses    of    oil    of    chenopodium    or    distillation 
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products   of   oil   of   chenopodium,   when   given   with   castor   oil, 
usually  cause  greenish,  fluid  feces,  regardless  of  diet. 

Excessive  or  lethal  doses  of  chenopodium  constituents  cause 
constipation,  in  spite  of  therapeutic  doses  of  castor  oil,  defeca- 
tion being  suppressed  for  a  period  of  one  or  more  days  or  the 
feces  being  hard  and  dark. 
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In  a  series  of  over  300  dogs  examined  post  mortem  at  Detroit, 
we  found  a  single  female  specimen  of  Physaloptcra  in  one  dog, 
No.  300,  an  incidence  of  about  0.3  per  cent.  The  head  of  the 
worm  was  so  deeply  and  firmly  imbedded  in  the  duodenum  about 
an  inch  below  the  pylorus,  that  we  were  unable  to  remove  the 
parasite  by  what  we  regarded  as  a  reasonable  amount  of  traction 
without  danger  of  breaking  it.  The  worm  and  the  tissue  to  which 
it  was  attached  were,  therefore,  placed  in  normal  saline  solution 
for  a  time,  and  in  the  course  of  an  hour  the  worm  relinquished 
its  hold  and  separated  from  the  intestinal  wall. 

The  description  of  a  new  species  of  nematode  on  a  single 
female  specimen  is  not  a  wholly  satisfactory  proceeding  from  the 
standpoint  of  those  who  describe  such  species  or  those  who  must 
consider  their  descriptions  later.  On  the  other  hand,  if  it  is 
desirable  to  describe  the  rare  parasites  of  dogs,  which  parasites 
have  considerable  bearing  on  the  subject  of  the  dog  as  a  carrier 
of  parasites  usually  occurring  in  other  hosts,  then  it  is  desirable 
that  we  have  some  name  by  which  these  parasites  may  be  dis- 
cussed. It  simplifies  discussion,  and  it  is  no  serious  matter  that  a 
parasite  may  be  found  to  bear  more  than  one  name  and  that  all 
but  one  of  its  names  must  be  rated  as  synonyms. 

On  these  grounds  we  ar.e  describing  the  nematode  found  by 
us  in  the  dog  as  a  new  species.  It  is  entirely  improbable  that  this 
is  a  customary  or  even  common  parasite  of  the  dog.  It  is  prob- 
able, though  not  certain,  that  it  is  a  parasite  of  some  wild 
mammal,  but  it  might  even  be  a  parasite  of  a  bird  or  reptile, 
temporarily  present  in  the  dog  after  the  dog  had  eaten  the  infested 
animal.     In  any  case  it  is  quite  apt  to  be  a  species  heretofore 


undescribed.  as  there  has  been  but  little  study  of  the  genus 
Physaloptera  on  this  continent. 

Species  Physaloptera  vara  Hall  and  Wigdor.  1918. 

Specific  Diagnosis. — Physaloptera:  Anterior  extremity  of 
the  body  somewhat  attenuated.  Cuticle  strongly  annulated  (in 
the  female  at  intervals  of  50  to  200  /O,  the  first  annulation  behind 
the  head  forming  a  sort  of  collar,  with  the  head  somewhat  sunk 
in  the  depression  formed  by  this  collar.  Mouth  with  two  large 
lateral  lips  (Figs.  1  and  2),  each  of  which  is  prolonged  anteriorly 
by  3  prominent  teeth  in  a  row,  a  somewhat  smaller  tooth  being 
external  to  the  middle  tooth  of  the  three.  Each  lip  bears  a  pair 
of  conspicuous  papillae,  one  of  the  pair  being  situated  near  each 
end  of  the  lip  and  tcJward  its  base,  and  a  third  papilla  near  the 
middle  of  the  lip  base.  The  esophagus  length  is  4.8  per  cent  of 
the  total  bod}-  length. 

Malk  imkntnvn. 


Figure    1.      rinsahflr 


Female  24  mm.  long,  with  a  ma.ximum  diameter  of  1.3-i  mm. 
The  head  is  90  /a  long  and  200  /<  vvide  at  the  base.  The  collar  in 
which  the  head  is  set  is  324  //  wide.  The  teeth  on  the  lips  are 
about  12  /<  long  and  about  10  ;<  wide  at  the  base.  The  collar-like 
depression  about  the  head  is  formed  by  the  cuticle  delimited  by 
the  first  transverse  striation.  The  third  pseudo-amndus  thus 
formed  breaks  on  one  side  and  runs  obliquely  back ;  this  may  be 
accidental  (Fig.  3).  'J"he  esophagus  is  1.16  mm.  long,  the  mus- 
cular portion  being  ^>'iC)  /<long;  the  niaxinnim  width  of  the 
esophagus  is  102  )i.  The  nerve  ring  surrounds  the  muscular 
esophagus  at  a  point  near  its  union  with  the  glandular  portion. 
The  inconspicuous  vulva  is  in  the  anterior  ])orlion  of  the  body, 
3.63  mm.  from  the  anterior  end.  The  vestibule  of  the  ovejector 
(I'ig.  4)  proceeds  inward  a  short  distance  and  then  turns  toward 
the  anterior  entl  of  the  worm   for  a  distance  of  ahonl   O.li  mm., 


when  it  turns  back  past  the  vulva,  the  remainder  of  the  genitaha 
lying  in  tiie  posterior  body  between  the  vulva  and  the  anus.  The 
vestibule  is  880  /<  long.  The  succeeding  portion,  the  unpaired 
portion  of  what  Seurat  calls  the  "trompe,"  which  is  the  distal 
portion  of  the  ovejector,  is  2.16  mm.  long  and  is  directed 
posteriorly  throughout.  This  bifurcates  and  the  2  branches  form 
a  loop  and  meet  the  corresponding  portions  of  the  uterus.  The 
most  posterior  ovarian  loops  (Fig.  5)  are  in  the  vicinity  of  the 
anal  region.  The  anal  aperture  appears  to  be  set  deep  in  a  de- 
pression formed  by  a  fold  of  cuticle  (Fig.  6).  The  external 
aperture  of  this  cuticular  depression  is  420  /<  from  the  posterior 
extremity  of  the  body.  The  posterior  extremity  is  comparatively 
blunt.  This  was  the  only  specimen  present,  so  there  *were  no 
fertilized  eggs  in  the  worm. 

Host. — Canis  familiaris. 

Location. — Duodenum. 

Locality. — Detroit,  Michigan. 


Figure  2.     Physaloptcra  ram.      Head.     Dorso-ventral  view. 

Seurat  (1917)  divides  the  species  of  Physaloptcra  from 
mammals  into  2  groups ;  in  one  group,  such  worms  as  Ph.  clausa, 
the  external  tooth  of  the  lip  is  approximately  as  large  as  the 
internal  teeth,  the  latter  f orriiing  a  3-pronged  fork ;  in  the  other 
group,  such  worms  as  Ph.  abbreviata,  the  external  tooth  is  very 
large  and  the  internal  teeth  are  small  and  set  at  intervals.  Ph.  rara 
evidently  belongs  in  the  first  group.  The  surprisingly  short 
glandular  esophagus  distinguishes  this  species  from  the  other 
species  with  which  we  have  compared  it  wherever  this  feature  is 
described  for  other  species.     It  is  unfortunate  that  we  have  for 
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study  only  a  single  specimen  of   the  worm,   as  this    feature   is 
rather  widely  different  from  the  corresponding  condition  in  other 
species. 

We  take  this  occasion  to  summarize  what  is  known  in  a 
general  way  of  the  nematode  parasites  of  dogs  in  North  America, 
thereby  completing  a  series  of  papers  on  the  parasites  of  dogs  in 
North  America.  The  other  papers,  published  in  recent  issues  of 
this  journal,  dealt  \yith  protozoan,  cestode,  trematode,  acantho- 
cephalid  and  arthropod  parasites.  While  these  records  are  not 
exhaustive,  they  are  the  first  comprehensive  summary  of  our 
knowledge  of  the  parasites  of  dogs  on  this  continent. 


Figure  3.     Phyialoplera  rata.     Anterior  extremity. 

Nematoda.  Filaria  osleri  was  described  from  dogs  in  Canada 
by  Osier  (1877).  It  has  since  been  found  in  lunope  and  has  re- 
cently been  reported  again  from  this  contineni,  after  an  interval 
of  almost  40  years,  by  Milks  (1910)  at  Ithaca,  X.  ^■.  I  he  worm 
occurs  in  nodules  in  the  trachea,  bronchi  and  lungs. 

Dirofilaria  immitis  was  described  from  the  heart  hlnod  nf  the 
dog  in  this  country  by  Lcidy  (]H.')6).  i  lie  wdrni  was  subse- 
<|uently  found  to  be  widely  distributed  o\er  the  world.  It  has 
been  reported  a  number  of  times  from  the  United  States,  being 
collected  by  Curtice,  Ilassall,  Wheeler  and  others.  It  does  not 
a|)pcar  ttj  be  unconiiiiini  in  tiu-  .'-^nuiii,  hut  it  is  exiileiilly  iiiuoni- 


mon  in  the  northern  United  States.    We  have  not  found  it  in  the 
post-mortem  examination  of  over  300  dogs  at  Detroit. 

Spirocerca  sangiiinolcnta  {Spiroptcra  sangu'molcnta)  has  been 
reported  from  a  tumor  of  the  esophagus  in  a  dog  at  Washington 
by  Sommer  (1896).  More  recently,  Haythorn  and  Ryan  (1917) 
have  reported  6  cases  of  the  occurrence  of  this  parasite  in  dogs 
at  Mobile,  Ala.,  and  note  that  the  U.  S.  Bureau  of  Animal  In- 
dustry has  specimens  from  one  case  at  Atlanta,  Ga.,  and  from  2 
cases  at  Washington,  one  host  said  to  be  a  lynx  from  the  Zoolog- 
ical Park.  (The  other  specimens  at  Washington  are  probably 
Sonimer's.) 


Figure   4.     Physalotte 


region,   showing  loop  of  ovejector 


Trichnris  depressimcula,  the  whipworm,  is  a  common  para- 
site of  dogs  in  the  United  States.  We  found  it  in  39.7  per  cent 
of  the  first  300  dogs  examined  here  by  us,  with  an  average  of  21.4 
worms  per  dog.  The  largest  number  present  in  a  dog  in  this 
series  was  677  and  the  next  largest  299. 

Trichinella  spiralis  has  been  experimentally  developed  by  us 
in  the  dog  here  at  Detroit. 

Dioctophyme  renale  occurs  in  the  kidney  and  abdominal  cavity 
of  the  dog  in  the  United  States.  The  records  of  its  occurrence  in 
this  country  have  been  summarized  by  Riley  (1916)  and  Hall 
(1916;  1917).  Since  the  publication  of  these  summaries,  this 
parasite  has  been  reported  from  the  dog  at  Tama,  Iowa,  by  Max- 
field  (1917),  and  in  a  paper  by  MacNider  (1917)  on  nephropa- 
thy of  the  dog,  we  find  the  following:  "At  autopsy  the  kidneys 
of  4  of  the  animals  were  found  to  be  the  seat  of  infections  by  a 
parasitic  worm,  with  surrounding  areas  of  lymphocytic  infiltra- 
tion and  connective  tissue  hyperplasia."     These   last  cases  are 


from  North  Carolina,  and  we  regard  them  as  probably  cases  of 
D.  rcnalc. 

The  occurrence  of  D.  rcnale  was  reported  by  Hall  (1917)  in 
2  dogs  out  of  67  dogs  examined  post  mortem  at  Detroit.  In  a 
continuation  of  that  series  of  examinations,  this  parasite  was 
subsequently  found  by  us  in  Dog  No.  242,  a  mongrel  male  with 
some  characteristics  of  the  rough-coated  terriers,  so  that  our 
percentage  for  the'  series  of  300  is  only  1  per  cent.  The  worm 
found  was  a  male  and  was  located  in  a  tough  cyst  in  the  pelvic 
cavity  to  the  right  of  the  urinary  bladder.  This  appears  to  be  an 
unusual  location,  as  the  worm  is  usually  free,  rather  than  en- 
cysted, when  it  occurs  in  the  abdominal  cavity. 


Figure  5.     Physttloftcra  rara.     Poster 


xtremity,  showing  ovarian  loops. 


Maxfield's  case,  MacNider's  4  cases  and  our  case  make  a  total 
of  6  cases  that  should  be  added  to  the  totals  for  the  United  States. 
In  addition,  we  note  the  following  from  a  letter  to  one  of  us 
(Hall)  from  Dr.  Ralph  W.  Nauss  of  the  California  .State  Board 
of  Health:  "I  note  what  you  say  regarding  the  prevalence  of 
Dlnclophymc  rcnalc  among  dogs  in  Chicago.  This  parasite  was 
frequently  found  in  dogs  during  my  student  days — 1902-5 — at 
the  Northwestern  University  Medical  College.  On  a  later  occa- 
sion, in  lidl,  when  doing  experimental  surgery  on  dogs  at  this 
same  institution,  one  case  I  remember  distinctly  of  finding  a 
female  in  the  right  kidney  and  a  male  ((|uite  small  in  comparison 
with  the  one  contained  in  the  kidney)   in  the  abdominal  cavity 


beneath  the  liver."  The  new  cases  hsted  here  make  it  reasonably 
certain  that  this  parasite  has  been  found  in  the  United  States  in 
at  least  50  cases  and  probably  in  more  than  50  cases.  In  a  gen- 
eral way  the  distribution  of  the  cases  follows  the  Atlantic  sea- 
board and  the  Great  Lakes  region,  a  distribution  which  is  in 
accord  with  the  supposition  that  the  parasite  has  an  intermediate 
stage  in  fish. 


Ancylostoina  caninum,  the  common  dog  hookworm,  is  gen- 
erally distributed  over  the  United  States,  though  the  available 
evidence  indicates  that  it  is  more  common  in  the  South,  as  might 
be  expected.  However,  it  might  be  noted  in  passing  that  very 
little  has  ever  been  published  regarding  the  parasites  of  southern 
dogs.  We  found  hookworms  in  33.3  per  cent  of  our  series  of 
300  dogs,  with  an  average  of  15.3  worms  per  dog.  The  largest 
number  present  was  282,  and  the  next  largest  number  was  1(55. 

Uncinaria  stenocephala  has  only  been  reported  once,  by  Mul- 
doon  (1916),  from  the  dog  in  the  United  States.  Muldoon  re- 
ported it  from  Ithaca,  N.  Y. ;  from  correspondence  it  appears  that 
no  specimens  of  the  worm  were  preserved.  This  is  unfortunate, 
as  the  record  was  published  without  corroborative  data  and  there 
is  a  possibility  of  misidentification. 

Belascaris  marginata  is  the  roundworm  which  appears  to  be 
most  common  in  dogs  in  the  United  States.    A\'e  found  ascarids 


(the  majority  of  them  B.  marginata)  in  53.3  per  cent  of  our  300 
dogs,  over  half  of  them,  with  an  average  of  25.2  worms  per  dog. 
The  largest  number  present  was  2054,  and  the  next  largest  was 
204.  Without  this  extremely  large  number.  205  1,  the  average 
per  dog  was  12.3. 

To.vascaris  liinbata  appears  to  be  much  less  common  in  this 
country  than  the  foregoing  species.  Ransom  (1913)  reports 
Toxascaris  from  the  dog,  apparently  at  Chicago.  We  recently 
found  specimens  of  this  species  fairly  common  in  our  ascarid 
material  from  dogs. 

Agamonematodum  gaylordi  was  described  from  tubercles  in 
the  hyperplastic  thyroids  of  experiment  dogs  at  Craig  Brook, 
Maine,  by  Ransom  (1914). 

Heavy  Infestations.  Dog  No.  170  had  2051  ascarids  {B. 
marginata),  most  of  them  very  small  immature  worms.  Follow- 
ing anthelmintic  treatment.  5  of  these  worms  had  been  collected 
from  the  feces  and  (54  had  been  collected  post  mortem  from  tlie 
large  intestine  and  cecum  and  credited  to  the  efficacy  of  llie  an- 
thelmintic. Of  the  remainder,  8!)  were  found  in  the  stomach  and 
18'J(i  in  the  small  intestine.  Some  of  the  very  small  larvae  might 
have  been  passed  in  the  feces  and  escaped  detection,  so  that  there 
is  a  possibility  that  there  were  even  more  ascarids  present  than 
the  large  number  accounted  for. 

This  dog  was  much  emaciated,  and  liad  iiromincntly  enlarged 
thyroids.  The  animal  received  2  anthelmintic  treatments,  the  sec- 
ond 5  days  after  the  first,  and  died  the  evening  after  the  second 
treatment.  Death  was  probably  due  to  the  cachectic  condition  of 
the  animal,  which  in  turn  was  apparently  ilue  to  the  gross  in- 
festation with  ascarids,  though  the  anthelmintic  treatment  in  such 
a  weakened  animal  may  have  hastened  the  end.  Post  mortem 
examination  showed  the  following:  The  margin  of  the  left  lobes 
of  the  lung  were  congested;  the  external  vessels  of  the  heart 
seemed  congested;  the  liver  was  cirrhotic;  the  s])leen  was  dry  and 
tough;  the  peripheral  portion  of  the  medulla  of  the  kidneys  was 
hypcremic ;  the  bladder  was  distended ;  the  gastric  mucosa  was 
gelatinous  and  sliowe<l  some  dark  areas  that  ap])arently  had  been 
hemorrhagic;  the  jejunum  showed  locally  inllamcd  areas  and 
the  ileum  was  inllamcd  and  had  some  local  hemorrhages;  the 
colon  was  inflamed,  the  rectum  hemorrhagic,  and  the  glands  of 
the  rectum  and  cecum  were  very  prominent. 

Some  of   the  young  ascarids   coliicicil    frmii   this   dug   were 


put  in  Kronecker's  solution  (a  slightly  alkaline  physiologic  saline 
solution),  where  they  lived  for  64  hours  with  a  room  temperature 
of  about  2(i°  C.  The  adults  of  this  dog  ascarid  were  found  by 
Hall  (1917)  to  survive  for  14  days  in  Kronecker's  solution. 

To  get  some  information  in  regard  to  the  developmental 
period  of  these  ascarids,  30  young  worms,  none  of  them  more 
than  1  cm.  long,  were  put  in  gelatine  capsules  and  fed  to  Dog  No. 
173.  The  feces  of  this  dog  had  been  examined  for  the  five-day 
period  previous  to  the  feeding  and  once  3  days  before  and  no 
worm  eggs  of  any  sort  had  been  found.  Ascarid  eggs  first  ap- 
peared in  the  feces  11  days  after  the  feeding  the  worms  to  the 
dog,  indicating  that  the  female  ascarid  of  the  dog  attains  maturity 
and  begins  egg  production  within  11  days  after  reaching  a  length 
of  about  1  cm.  This  dog  was  killed  48  days  after  these  ascarids 
were  fed  to  it.  During  that  time  the  dog  had  vomited  3  ascarids 
on  one  occasion  and  7  on  another  occasion.  On  post-mortem  ex- 
amination the  dog  had  83  ascarids,  which  with  the  10  worms 
vomited  makes  a  total  of  93  ascarids  following  the  feeding  of 
only  30  ascarids.  We  may  assume  that  immature  worms  were 
present  during  the  period  when  fecal  examination  showed  the 
absence  of  eggs,  or  that  the  dog  acquired  the  additional  worms 
from  eggs  in  the  feces  as  a  result  of  the  experimental  infestation, 
or  that  the  dog  acquired  the  additional  worms  from  eggs  present 
in  the  cage  from  previously  infested  dogs.  Experiments  noted 
below  indicate  that  the  second  assumption  is  a  possibility. 

The  experiment  in  infecting  this  dog  with  ascarids  is  of  in- 
terest in  connection  with  the  work  of  Stewart  (1916-1917)  and 
of  Ransom  and  Foster  (1917),  on  the  life  history  of  ascarids. 
Stewart  demonstrated  experimentally  that  when  infective  eggs 
from  ascarids  of  man  or  of  swine  were  fed  to  rats  or  mice,  the 
embryos  would  escape  from  the  eggs  in  the  digestive  tract  and 
subsequently  appear  in  the  liver,  spleen  and  lungs,  later  stages 
apparently  migrating  from  the  lungs  up  the  trachea  to  the  mouth 
and  ultimately  being  swallowed  in  saliva  and  attaining  the  in- 
testines, where  they  did  not  develop,  but  passed  out  in  the  feces. 
In  view  of  the  general  failure  which  had  followed  most  of  the 
attempts  to  infect  animals  directly  with  infective  eggs  of  suitable 
ascarids,  Stewart  concluded  that  rats  and  mice  acted  as  interme- 
diate hosts  of  ascarids,  the  infective  larvae  escaping  in  the  saliva 
or  feces  of  the  rat  and  presumably  attaining  their  definitive  host 
in  contaminated  food  or  water.     Ransom  and  Foster  have  stated 
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that  Stewart's  conclusions  do  not  necessarily  follow  from  his 
findings,  and  we  suspect  that  most  helminthologists  at  present 
would  agree  with  Ransom  and  Foster  in  this,  even  though  in- 
clined to  give  all  due  credit  to  Stewart  for  what  is  evidently  a 
very  interesting  and  valuable  piece  of  work.  Ransom  and  Foster 
have  confirmed  Stewart's  work  experimentally  and  have  obtained 
similar  results  with  guinea  pigs.  They  further  note  one  case 
where  a  young  pig  was  fed  ascarid  eggs  and  died  a  week  later; 
numerous  ascarid  larvae  were  found  in  the  lungs,  trachea  and 
pharynx.  They  correlate  this  finding  with  Epstein's  (1892)  suc- 
cess in  developing  Ascaris  himhricoidcs  of  man  by  feeding  eggs 
to  young  subjects,  and  state  that  age  is  an  important  factor  in  de- 
termining susceptibility  to  ascarid  infestation. 

In  the  case  of  Dog  No.  173,  the  animal  was  in  a  wire  cage 
with  a  solid  metal  bottom  and  the  cage  was  placed  on  top  of 
some  similar,  but  larger,  cages  which  usually  contained  dogs.  We 
consider  this  a  location  that  would  not  be  much  disturbed  by  rats 
or  mice  which  might  infect  the  food  or  water  of  the  dog  in  the 
cage,  especially  as  the  building  is  a  concrete  rat-proof  structure 
with  practically  no  place  for  rats  or  mice  to  hide  except  in  the 
dog  cages.  The  only  food  tiiat  might  have  come  in  contact  with 
rodents  is  the  stale  bread,  but  this  is  furnished  in  entire  loaves, 
free  from  rodent  feces  and,  so  far  as  we  have  noticed,  apparently 
free  from  tooth  marks  that  might  indicate  the  presence  of  rodent 
saliva.  The  indications  are  that  this  dog  acquired  his  infestation 
with  worms  in  excess  of  the  30  originally  fed  to  it,  by  contamina- 
tion of  food  or  water  with  eggs  from  the  original  worms. 

In  this  connection  it  might  be  noted  that  Ransom  and  Foster 
call  attention  to  the  fact  that  heavy  infestations  of  the  lungs  in 
rats  and  mice  produce  a  serious  i)neumonia  which  is  frequently 
fatal,  and  conclude  that  it  is  nut  improbable  that  ascarids  are 
frequently  responsible  for  lung  troubles  in  children,  pigs  and 
other  young  animals.  In  the  case  of  Dog.  No.  170,  there  was  a 
congestion  of  the  margins  of  one  lung  found  post  mortem,  as 
noted,  but  it  is  dilVicult  to  correlate  this  with  the  ascariasis.  The 
recent  invasion  of  the  lungs  In'  about  2000  ascarids  should  theo- 
retically give  rise  to  a  generalized  pneumonic  condition,  if  any- 
thing, rather  than  a  congestion  contined  to  the  margin  of  the 
left  lobes;  still,  inllammation  might  have  occurred  and  subsided. 
We  do  not  disagree  with  their  conclusions  and  we  regard  the 
ascarid  as  a  dangerous  parasite,  Init   in  this  case  the  presence  of 
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so  many  young  ascarids  in  the  intestine  with  a  lack  of  the  hmg 
condition  which  might  be  expected  suggests  to  us  that  the  injury 
to  the  hmg  in  the  case  of  the  rat  and  mouse  fed  with  human  or 
pig  ascarids  is  partly  due  to  the  fact  that  these  worms  were  in 
an  unusual  host,  a  condition  which  often  leads  to  added  injury. 
Thus  in  our  experience  trichinae  in  rats  do  not  give  the  thermal 
and  other  clinical  conditions  found  in  man,  the  reaction  in  man, 
the  unusual  host,  being  much  more  severe.  It  is  also  true  that 
the  large  clinical  experience  of  the  world  in  dealing  with  so 
common  a  parasite  as  the  ascarid  has  credited  it  with  the  pro- 
duction of  a  wide  range  of  symptoms  in  connection  with  the 
gastro-intestinal  tract  and  the  nervous  system,  but  pneumonic 
conditions,  except  from  the  invasion  of  the  lung  by  the  wander- 
ing adult  worm,  do  not  seem  to  have  been  associated  with  it.  Of 
course,  clinical  experience  may  be  at  fault  here,  as  it  has  been  in 
other  instances. 

In  connection  with  the  well-known  wandering  habits  of  the 
adult  ascarid,  it  may  be  noted  that  this  habit  of  entering  the 
ducts  of  the  pancreas  and  the  liver  and  of  traveling  up  the 
esophagus  and  leaving  the  pharynx  by  way  of  the  nares,  the 
trachea  or  the  Eustachian  tubes  is  apparently  much  more  common 
in  the  case  of  the  ascarids  of  man  and  swine  than  in  the  case  of 
the  ascarids  of  the  dog.  We  have  only  seen  one  such  case  in  the 
dog.  This  animal,  a  six-months-old  pup,  was  found  dead  one 
morning  with  an  ascarid  projecting  from  one  of  the  anterior 
nares.  Behind  it  was  another  worm.  On  removing  the  head, 
another  ascarid  was  found  in  the  pharynx  and  posterior  nares. 
Another  worm  was  found  in  one  bronchus.  There  were  19 
worms  in  the  intestine.  Apparently  death  was  due  to  these  as- 
carids. The  possibility  of  post  mortem  wandering  cannot,  of 
course,  be  absolutely  excluded,  but  in  our  experience  post  mortem 
wandering  of  parasites  in  the  dog  must  be  a  very  rare  thing,  as 
we  have  almost  no  evidence  of  it. 

We  had  one  case  of  severe  infestation  with  whipworms,  a 
rough  count  showing  approximately  677  worms,  of  which  431 
were  in  the  cecum  and  253  in  the  colon  and  rectum  to  within  3 
inches  of  the  anus.  In  the  cecum  there  was  a  mild  hyperemia 
associated  with  the  attachment  of  the  worms. 

Multiple  Infestations.  Of  our  300  dogs,  156  had  only  one 
kind  of  nematode  worms,  91  had  3  kinds,  31  had  3  kinds,  and 
none  had  more  than  3  kinds. 


Culture  Methods  for  Eggs.  The  culture  method  recom- 
mended for  coccidia  by  Cole  and  Hadley  (1910),  the  use  of  a 
10-per-cent  potassium  bichromate  solution,  gave  us  very  good 
results  in  culturing  ascarid  and  hookworm  eggs.  At  room  tem- 
peratures of  20°  to  29°  C.  ascarid  eggs  would  form  the  two- 
celled  stage  overnight.  In  4  days  embryos  could  be  seen  moving 
about  in  the  eggs.  Ascarid  eggs  kept  under  the  same  conditions, 
but  in  a  solution  of  tap  water,  showed  the  two-celled  stage  in 
about  half  the  eggs  in  IS  days,  the  other  half  being  still  in  the 
one-celled  stage. 

Hookworm  eggs  in  the  potassium  bichromate  solution  at  room 
temperatures  of  20'  to  23°  C.  showed  actively  motile  embryos 
within  36  hours. 
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Belascaris  marginata  and  Toxascaris  limbata  are  the  two 
common  ascarids  reported  from  the  dog  in  this  country. 
Belascaris  is  probably  encountered  more  frequently  in  our  experi- 
ence, but  Toxascaris  is  not  as  rare  as  has  been  beHeved.  Hall 
(1917)  on  the  strength  of  findings  from  47  Michigan  dogs  in- 
fested with  ascarids,  states :  "All  the  worms  that  I  have  examined 
have  been  Belascaris  marginata,  which  is  also  the  common  form 
at  Washington,  D.  C.  The  other  species,  Toxascaris  limbata,  is 
apparently  the  less  common  form  in  this  country."  There  is, 
however,  available  to  us  material  from  approximately  128  more 
ascarid-infested  dogs  obtained  from  the  Detroit  city  pound,  and 
a  close  scrutiny  of  the  material  at  hand  discloses  a  greater  pro- 
portion of  Toxascaris  than  was  expected. 

Of  the  two  species  Toxascaris  apparently  is  the  smaller,  the 
females  ranging  from  6.13  cm.  in  length  and  the  males  from  4.6 
cm.  Belascaris  females  are  usually  6-18  cm.  in  length  and  longer 
(Dr.  Hall  tells  me  that  he  has  collected  specimens  21  cm.  long), 
and  the  males  usually  attain  a  length  of  5-10  cm. 

Leiper  (1907)  proposed  the  genera  Belascaris  and  Toxas- 
caris. The  generic  characteristics  given  for  them  by  Gedoelst 
(1911)  are: 

Belascaris:  Lips  with  lateral  lobes  prolonged  into  a  digiti- 
form,  incurved  lobule ;  submedian  cephalic  papillae  with  a  volumi- 
nous, ellipsoidal  base  bearing  two  papilliform  points;  posterior 
extremity  of  male  terminated  by  a  stout  conical  appendage ; 
caudal  wings  more  or  less  evident ;  two  subequal  spicules  pro- 
vided with   two   wings   forming  a   channel ;   vulva   towards   the 
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anterior  fourth  of  the  body ;  ovaries  and  oviducts  extend  anterior 
of  the  vulva;  main  branch  of  the  uterus  long;  eggs  more  or  less 
globular,  with  a  thin  shell  hollowed  with  pits. 

Toxascaris:  Lips  with  lobules  separated  from  the  lobes  by  a 
deep  furrow,  enlarged  and  bilobed  at  their  termination;  sub- 
median  papillae  of  medium  thickness ;  posterior  extremity  of 
male  without  wings,  terminating  in  a  point;  spicules  slightly 
unequal  in  the  form  of  channeled  tubes,  without  wings ;  vulva 
toward  the  anterior  third  of  the  body ;  main  branch  of  the  uterus 
very  short;  eggs  subglobular,  with  thick,  smooth  shell. 
Leiper  (1907)  makes  the  following  differentiation: 
Belascaris,  type  Ascaris  mystax:  Anterior  end  of  the  body 
in  preserved  specimens  bent  ventrally.  Cuticle  coarsely  striated. 
Esophagus  with  distinct  bulbous  portion  posteriorly  containing 
nuclei  of  esophageal  glands.  Tail  of  the  male  probular — that  is, 
having  an  outline  similar  to  that  of  a  closed  fist  with  the  fore- 
finger semi-extended.  On  the  bulging  portion  immediately 
behind  the  anus  is  a  pair  of  single  papillae  with  sunken  caps, 
and  on  the  finger-like  tail  two  further  pairs  ventrally  and  two 
laterally,  the  tips  of  which  apparently,  from  preserved  specimens, 
support  a  slight  expansion  of  cuticle.  The  coils  of  the  testis  are 
situated  in  the  anterior  half  of  the  body  cavity,  differing  in  the 
various  species  in  the  limit  of  their  forward  extension.  There 
is  a  remarkably  long  "vesicula  seminalis,"  and  short  cjaculatory 
duct.  In  the  female  the  genital  opening  is  situated  in  the  anterior 
part  of  the  body  and  the  eggs  have  a  corrugated  shell. 

To  this  genus  belong  Ascaris  mystax  (Zeder),  .Iscaris  triijiic- 
tra  (Rudolph's  type  specimens),  and  also  a  large  new  species 
from  the  Egyptian  fox.  From  the  brief  published  description  of 
.Iscaris  globulus  (v.  Linstow)  this  species  may  be  ascribed  to 
the  genus,  as  may  also  Ascaris  leptoptera  (Rudolphi). 
Toxascaris,  type  Ascaris' Iconina  (v.  Linstow) : 
The  anterior  end  of  the  body  is,  in  preserved  specimens,  bent 
dorsally.  The  cuticle  is  finely  striated.  The  esophagus  is  simple 
and  ()])ens  directly  into  the  intestine  witliout  any  intervening 
bulbous  portion.  The  palps  of  (he  lips  are  distinctly  club-shaped 
terminally.  In  the  male  the  tail  tapers  to  an  acicular  tip  without 
any  ventral  rclrusion  behind  the  anus.  The  post-anal  papillae 
are  arranged  into  two  groups,  a  ventral  set  of  paired   papillae 


continuous  in  line  with  the  pre-anal  row  on  each  side  of  the  body, 
and  a  lateral  set,  arranged,  as  it  were,  one  at  each  corner  of  a 
triangle  on  the  outer  aspect  of  the  tail.  In  all  there  are  six  pairs 
of  post-anal  papillae,  three  lateral  and  three  ventral,  and  of  the 
ventral  the  pair  succeeding  the  anus  is  double.  The  coils  of  the 
testis  lie  in  the  anterior  part  of  the  posterior  half  of  the  body. 
The  tubular  seminal  vesicle  is  long,  though  short  relative  to  that 
in  Belascaris.  The  ejaculatory  duct  remains  short.  The  genital 
opening  of  the  female  is  found  at  about  the  center  of  the  body 
and  the  eggs  are  oval  and  have  a  smooth  capsule.  The  genus 
thus  defined  comprises  the  species:  Ascaris  marginata  (Ru- 
dolphi),  Ascaris  Iconina  (v.  Linstow,  Ascaris  tigridis,  Gmelin), 
and  a  further  species  from  the  Sudan  not  yet  published. 

Although  all  the  above  characters  can  be  ascertained  with 
certainty  in  differentiating  the  two  species  under  consideration, 
certain  features  are  especially  easy  to  observe  and  compare.  In 
females  of  Toxascaris  the  vulva  is  in  the  approximate  anterior 
third  of  the  body,  the  ovaries  and  oviducts  not  extending  anterior 
to  that  point.  In  females  of  Belascaris,  on  the  other  hand,  the 
vufva  is  approximately  in  the  anterior  fourth  of  the  body  and  the 
ovaries  and  oviducts  extend  well  beyond  the  vulva,  often  almost 
up  to  the  lips. 

This  conforms  closely  with  Gedoelst's  (1911)  differentiation 
of  the  two  species  in  regard  to  the  position  of  the  vulva,  but 
differs  from  Leiper's  (1907)  differentiation  which  places  the 
distance  of  the  vulva  in  Toxascaris  at  the  middle  of  the  body. 
As  Leiper's  type  Toxascaris  species  Ascaris  leonina  (v.  Linstow) 
is  not  available  for  study,  I  cannot  pass  on  the  validity  of  his 
distinction  in  regard  to  that  species,  but  the  location  as  stated  is 
not  a  generic  character  as  it  does  not  hold  true  for  the  included 
species,  T.  limbata.  Tentatively  I  suggest  that  the  vulva  in 
Toxascaris  is  not  located  in  the  middle  of  the  body  but  anterior 
of  this  to  a  point  one-third  of  the  body  length  from  the  head. 

To  determine  the  variations  occurring  in  the  extent  of  the 
female  genitalia  in  both  the  Toxascaris  and  Belascaris  forms, 
twenty-five  female  specimens  of  B.  marginata  and  T.  limbata 
were  taken  at  random  and  the  total  body  length  and  the  distance 
from  the  anterior  end  of  the  genitalia  to  the  anterior  extremity 
of  the  body  ascertained,  with  the  following  results : 


Toxascaris  Belascaris 

limbata  marginata 

Average   length    92.5  mm.  112.5  mm. 

Average   distance  of  genitalia   from   anterior  extremity 31.2  mm.  13.3  mm. 

Average   relation   of  distance  of   genitalia   from   anterior   end   to 

total  length  of  body  in  per  cent 34.1%  11.2% 

From  the  above  table  of  average  data,  it  can  be  seen  that  the 
female  genitalia  in  Toxascaris  extend  approximately  into  the 
anterior  one-third  of  the  body,  while  in  Belascaris  they  extend 
approximately  into  the  anterior  one-ninth  of  the  body.  Thus  a 
female  specimen  can  be  macroscopically  determined  as  Toxas- 
caris or  Belascaris  without  resort  to  a  detailed  study,  as  tlie 
position  of  the  genitalia  can  be  readily  made  out  through  the 
translucent  body  wall. 

The  diagrams  below  illustrate  graphically  some  extreme  and 
average  female  Toxascaris  and  Belascaris  in  the  series  of  25  of 
each  species  studied,  showing  their  total  length  and  distance  from 
head  to  anterior  end  of  genitalia. 

Aside  from  these  characteristics,  Toxascaris  and  Belascaris 
differ  quite  markedly  in  respect  to  their  general  color  and  the 
esophageal  and  egg  structure.  Toxascaris,  milky-white  in  ap- 
pearance, contrasts  with  the  usual  pale  butter-yellow  Belascaris. 
This  color  distinction  still  persists  after  the  worms  have  been 
kept  in  formaldehyde  for  a  long  period.  The  esophagus  is  dis- 
tinctive for  the  two  species.  Belascaris  has  a  bulb-like  posterior 
expansion  of  the  esophagus  (Fig.  1),  while  Toxascaris  has  no 
such  expansion  but  a  direct  simple  communication  with  the  in- 
testine (Fig.  2).  The  eggs  also  offer  suitable  material  for  dif- 
ferentiation. Toxascaris  eggs  in  utero  usually  measure  72-90  /< 
in  length  and  64-76  /i  in  width,  while  those  of  Belascaris  in  utero 
usually  average  72-104  fi  in  length  and  50-7S  ;/  in  width.  Toxas- 
caris eggs  in  the  feces  average  74-101  ;(  in  length  and 
66-80  //  in  width,  and  those  of  Belascaris  in  the  feces  average 
72-94  JJ  in  length  and  60-72  //  in  width.  The  most  striking  char- 
acteristic, however,  is  not  the  difference  in  the  size  of  the  eggs, 
but  in  their  general  appearance. 

Toxascaris  eggs  are  usually  ellipsoidal  in  shape,  clear  and 
smooth  in  appearance  and  possess  an  outer  clear  double-con- 
toured chitinous  shell  and  an  inner  yellowish  membrane  which  is 
marked  with  interlacing  striations  giving  the  suggestion  that  this 
mcinliranc  is  composed  of  interlaced  fibers.     (Figs.  3-5.)     This 


inner  membrane  is  apparently  laid  down  in  the  upper  region  of 
the  ovejector.  Belascaris  eggs,  on  the  other  hand,  are  usually 
sub-globular,  and  are  very  dense,  being  covered  with  an  albumi- 
nous coat  which  is  entirely  lacking  in  the  Toxascaris  egg.  This 
albuminous  coat  is  external  to  the  chitinous  shell,  as  in  Ascaris 
liimbricoides,  and  is  mammillated  at  regular  uniform  intervals 
(Figs.  6-8).  In  Ascaris  lumbricoidcs,  the  albuminous  layer  gives 
an  irregular  contour  to  the  tgg. 

The  eggs  of  both  species  are  highly  resistant,  this  being  espe- 
cially true  in  the  case  of  the  Toxascaris  e^gg.  Eggs  were  obtained 
from  the  uteri  of  both  Toxascaris  and  Belascaris  which  had  been 
kept   for  a  long  period  in  a  formalin-alcohol  preservative,  and 

1. 

HEAD 
■< 33  mm »        Anterior  end  of  Genitalia 


Diagrams  No.  1  and  No.  2  illustrate  the  extreme  posterior  extent  of  the 
genitalia  in  Toxascaris.  In  No.  1  the  genitalia  extend  into  the  anterior  40%  of  the 
body,  in  No.  2  into  the  anterior  39%  of  the  body,  or  approximately  into  the  anterior 
2/5  of  the  body  in  both  cases. 


3. 


132  mm. 

Diagrams  No.  3  and  No.  4  illustrate  the  extreme  posterior  extent  of  the  genitalia 
in  Belascaris.  In  No.  3  the  genitalia  extend  into  the  anterior  18%  and  in  No.  4 
into  the  anterior  20%  of  the  body,  or  approximately  into  the  anterior  1/6  and 
1/5  of  the  body  respectively. 


124  mm. 

Diagrams  No.  5  and  No.  6  illustrate  the  extreme  anterior  extent  of  the  genitalia 
in  Tcrascaris.  In  No.  5  the  genitalia  extend  into  the  anterior  28%  and  in  No.  6 
into  the  anterior  29%  of  the  body,  or  approximately  into  the  anterior  3/10  of  the 
body  in  both  cases. 
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Diagrams  No.  7  and  No.  8  illustrate  the  e.xtremc  anterior  extent  of  the  genitalia 
in  Belascaris.  In  both  cases  the  genitalia  extend  into  anterior  6%  of  the  body,  or 
approximately  into  the  anterior   1/16  of  the  body. 


80  mm. 

Diagrams  No.  9  and  No.  10  illustrate  the  average  anterior  extent  of  the  genitalia 
in  Toxascaris.  In  No.  9  the  genitalia  extend  into  the  anterior  SS.STc  and  in  No.  10 
into  the  anterior  33.7%  of  the  body,  or  approximately  into  the  anterior  1/3  of  the 
body  in  both  cases. 

11. 


Diagrams  No.  II  and  No.  18  illustrate  the  average  anterior  extent  of  the  genitalia 
in  Belascaris.  In  both  cases  the  genitalia  extend  into  the  anterior  11%  of  the  body, 
or  approximately  into  the  anterior  1/9   of  the  body. 

found  to  have  undergone  development,  with  the  formation  of 
well-developed  embryos  in  Toxascaris  eggs  (Fig.  9)  and  with 
segmentation  (Fig.  5)  in  Belascaris  eggs.  The  inner  membrane 
present  in  the  Toxascaris  eggs  in  the  feces  is  apparently  rendered 
homogeneous  or  dissolved  when  kept  in  formalin-alcohol,  as  it 
is  not  visible  in  such  preserved  material.  This  was  noted  in 
Toxascaris  eggs  which  had  undergone  development  in  utero  when 
kept  in  formalin-alcohol  and  also  in  Toxascaris  eggs  which  had 
been  reared  and  preserved  in  alcoholic  solutions  of  various 
strengths.  Toxascaris  eggs  showed  embryo  development  in  3 
days  at  room  temperature  (26°-33°  C.)  in  alcoholic  solutions,  to 
which  5  per  cent  potassium  dichromate  was  added,  in  varying 
strengths  up  to  70  per  cent,  while  the  eggs  were  killed  and  pre- 
served in  a  7!)  per  cent  solution.  In  every  case  the  inner  mem- 
branous coat  became  invisible. 
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The  resistance  to  formaldehyde  of  ascarid  eggs  has  been  pre- 
viously noted  by  several  workers.  Foster  (1916)  states:  "It  is  a 
well-knovi^n  fact  that  in  the  case  of  several  species  of  parasites, 
the  ova  of  which  are  characterized  by  a  relatively  thick  egg  shell, 
the  eggs  are  affected  but  little,  if  at  all,  by  formalin  solutions. 
Ascarid  eggs,  for  example,  may  be  kept  alive  for  months  or  even 
years,  in  formalin.  Morris  when  examining  some  human  feces 
which  contained  many  eggs  of  Ascarid  Imnbricoides  and  which 
had  been  preserved  in  a  2  per  cent  solution  of  formalin  for  two 
years,  found  that  some  of  the  eggs  contained  actively  motile 
embryos.  Four  months  later  there  was  an  apparent  increase  in 
the  number  of  eggs  containing  embryos.  In  my  own  experience 
it  has  been  found  that  a  formalin  solution  is  a  very  satisfactory 
medium  in  which  to  incubate  ascarid  eggs,  as  it  prevents  the 
growth  of  molds,  bacteria,  etc.  I  have  been  able  to  develop 
Toxascaris  eggs  in  a  40%  formalin  solution.  Eggs  cultured  in  a 
35%  formalin  solution  with  about  5  per  cent  potassium  dichro- 
mate  added  and  kept  at  room  temperature  (26°-31°  C.)  showed 
embryo  development  in  three  days. 

In  this  connection  it  might  be  noted  that  Toxascaris  eggs 
collected  from  the  feces  were  cultured  in  a  10  per  cent  potassium 
dichromate  solution,  which  offers  a  very  suitable  medium  for 
ascarid  egg  development,  as  it  does  for  other  helminth  eggs  and 
for  coccidia.  At  the  end  of  a  period  of  2-3  days  at  room  tem- 
perature (26°-33°  C.)  embryos  were  noted.     (Fig.  5). 

A  peculiar  Toxascaris  egg  (Fig.  12),  possessing  an  unusually 
broad,  clear,  transparent  outer  membrane,  was  obtained  from  the 
feces  of  one  dog.  No.  311. 

The  writer  gratefully  acknowledges  the  advice  and  assistance 
of  Dr.  Maurice  C.  Hall  in  the  preparation  of  the  foregoing  paper. 
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Fig.  8.     Undeveloped  ovum   of  Ji.    matginat,i    from   uterus 

Fig.    11.      Undeveloped  ovum  of  7*.  limbata  from  uterus. 

Fig.  0.      Egg  of  T.  limbata  from  uterus,  showing  embryo. 

Fig.    10.     Egg  of    T.    limbata   from   uterus. 

Fig.  12.     Peculiar   egg  of   7".   limbata   from   feces. 
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STABLE  DISINFECTION.* 

By  H.  Preston  Hoskins,  V.M.D., 

Animal    Pathologist,    Research    Laboratories,    Parke,   Davis   &   Co.,    Detroit,    Michigan. 

Strictly  speaking,  stable  disinfection  is  only  one  small  phase 
of  the  very  much  bigger  and  more  complex  subject — milk 
hygiene.  However,  we  should  regard  stable  disinfecttion  as  one 
of  the  cogs  in  the  big  wheel  of  clean  milk  production,  and  if 
there  is  anything  wrong  with  this  cog,  the  machine  does  not 
work  smoothly,  and  it  is  only  a  question  of  time  how  long  the 
machine  can  run  before  it  must  be  shut  down  completely  for 
repairs. 

It  is  now  almost  half  a  century  since  Lister  introduced  the 
antiseptic  treatment  of  wounds.  Modern  methods  of  sanitation 
can  be  traced  back  directly  to  Lister's  discovery.  Phenol,  more 
commonly  known  as  carbolic  acid,  was  the  first  antiseptic  used 
by  Lister,  and  it  is  still  in  use  today,  but  like  the  majority  of 
such  substances,  it  has  its  disadvantages  with  its  advantages, 
its  undesirable  features  with  those  that  are  desirable. 

It  is  a  common  practice  to  measure  the  strength  of  a  disin- 
fectant as  compared  with  carbolic  acid  as  a  standard.  When 
we  say  that  a  certain  disinfectant  has  a  phenol  coefficient  of  5, 
we  mean  that  under  identical  conditions  the  disinfectant  in 
question  will  be  five  times  as  powerful  in  destroying  germ  life 
as  carbolic  acid,  or  its  germicidal  value  is  five  times  as  great  as 
carbolic  acid. 

A  slight  distinction  is  usually  made  between  a  disinfectant 
and  an  antiseptic.  We.  say  that  an  antiseptic  will  retard  or  even 
entirely  stop  the  growth  and  multiplication  of  bacteria,  but  it 
will  not  be  strong  enough  to  actually  kill  the  bacteria  in  question. 
On  the  other  hand,  a  disinfectant  must  be  strong  enough  to 
actually  kill  bacteria  before  it  can  qualify  as  a  disinfectant. 
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From  these  definitions  it  will  be  seen  that  all  disinfectants 
would  be  antiseptics,  although  the  reverse  would  not  be  true. 
It  will  also  be  seen  that  a  certain  substance  might  be  a  disinfect- 
ant in  a  certain  dilution,  and  in  a  higher  dilution  or  a  weaker 
solution  it  would  be  only  an  antiseptic.  The  terms  germicidal 
and  bactericidal  are  substantially  synonymous  with  the  term 
disinfectant. 

There  is  quite  a  variety  of  disinfecting  agents.  These  might 
be  divided,  for  convenience,  into  three  groups,  viz:  sunlight, 
heat  in  its  various  forms,  and  chemical  substances. 

Sunlight  is  always  referred  to  as  the  cheapest  disinfectant 
at  our  disposal.  This  fact  should  be  kept  constantly  in  mind 
in  the  construction  of  dairy  barns  or  stables  of  any  kind  where 
animals  are  kept.  The  maximum  window  area  allowable  with 
good  construction  should  be  provided  for,  and  where  there  is 
a  choice,  and  there  usually  is,  windows  on  the  south  side  of  the 
barn  are  preferdble  to  any  other  one  side.  This  fact  was  in  the 
minds  of  the  officials  who  drew  up  the  dairy  score  card,  in  allow- 
ing a  generous  number  of  points  to  the  dairyman  whose  barn 
was  well  provided  with  windows.  .\  ininiminn  of  four  square 
feet  of  window  area  for  each  cow  stall  should  always  be  pro- 
vided. 

Besides  allowing  the  entrance  of  sunlight  which  in  itself  is 
always  desirable,  the  illumination  aflforded  by  the  windows  will 
undoubtedly  result  in  the  stable  being  kept  in  cleaner  condition. 
Dirt  that  is  rendered  visible  is  much  more  likely  to  be  promptly 
removed  than  the  filth  which  slowly  but  surely  accumulates 
in  the  dark  corners. 

Now,  the  dirt  itself  is  not  iiarticularly  harmful  or  dangerous, 
but  for  the  fact  that  it  may,  and  frequently  does,  afford  either  a 
resting  place  or  a  breeding  place  for  disease-producing  germs. 
There  are  three  things  that  disease-producing  bacteria  usually 
require  for  growth:  food,  moisture  and  a  suitable  temperature, 
usually  that  of  the  body. 

With  other  bacteria,  not  necessarily  diseasc-iMiKhKiiig.  the 
body  temperature  is  not  actually  recjuired,  bui  iluy  multiply  at 
ordinary  atmospheric  temperature  within  certain  limits.  These 
bacteria  are  the  ones  that  bring  aliuiit  tiic  decomposition  of 
organic    matter,    the    putrefactive    and    I'l  rnienlative    grou|)s    of 
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organisms.  The  putrefaction  of  animal  and  vegetable  matter  is 
usually  accompanied  by  the  liberation  of  gases,  many  of  which 
have  objectionable  odors.  Such  a  condition  should  never  be 
tolerated  in  or  near  any  place  where  milk  is  handled. 

Heat  in  its  various  forms  is  another  disinfectant  at  our 
disposal,  and  one  that  we  should  utilize  wherever  possible.  We 
are  depending  upon  heat  as  a  disinfectant  every  time  we  cremate 
the  carcass  of  an  animal  that  has  died  from  an  infectious  dis- 
ease, every  time  that  we  scald  out  a  milk  pail  with  boiling  water, 
or  every  time  we  sterilize  a  milk  can  by  inverting  it  over  a  jet 
of  live  steam.  Pasteurization  is  merely  a  process  of  utilizing 
moderate  heat  for  a  given  length  of  time,  in  preference  to  a 
higher  degree  of  heat.  As  a  general  principle,  the  higher  the 
temperature  the  shorter  the  time  required  to  destroy  a  given 
amount  of  infection. 

For  example,   to   destroy  the   tubercle   bacillus   in   milk   the 
usual  time  and  temperature  combinations  given  are : 
140  degrees  for  15-20  minutes 
160  degrees  for     5-10  minutes 
176  degrees  for       1-2  minutes 

The  chemical  disinfectants  might  be  divided  into  three 
groups,  according  to  their  material  state,  namely,  solids,  liquids 
and  gases. 

Certain  gaseous  disinfectants,  of  which  formaldehyde  is  an 
example,  are  excellent  disinfecting  agents,  but  only  when  the 
proper  conditions  are  provided.  Disinfecting  by  means  of  a  gas 
is  usually  spoken  of  as  fumigating,  but  from  the  very  nature 
of  the  process  its  success  depends  almost  entirely  upon  our 
ability  to  properly  confine  the  disinfecting  gas.  This  is  a  diffi- 
cult matter  in  the  average  stable,  and  the  time  and  expense  of 
tightly  sealing  up  all  the  openings  in  the  stable  would  probably 
offset  any  advantages  the  method  might  possess. 

Solids  almost  without  exception  must  be  combined  with  more 
or  less  moisture  before  they  are  able  to  exert  their  disinfecting 
power.  Therefore,  in  looking  about  for  a  suitable  disinfectant 
for  use  in  the  stable,  we  are  limited  somewhat  in  our  choice. 
Besides  the  physical  nature  of  the  material  itself,  we  must  take 
into  consideration  its  cost  and  its  adaptability  for  the  particular 
purpose  in  mind. 
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Some  very  good  disinfectants  are  highly  poisonous,  and  must 
be  used  only  with  considerable  caution,  notably  carbolic  acid 
and  bichloride  of  mercury  (corrosive  sublimate).  The  latter 
substance  has  one  great  advantage  in  that  it  is  practically  odor- 
less. Against  this  we  have  its  poisonous  nature,  and  the  fact 
that  it  corrodes  metals.  We  might  go  down  the  entire  list  of 
chemicals  that  have  disinfectant  properties  without  finding  a 
single  one  that  did  not  have  some  great  drawback  to  its  extensive 
use  as  a  general  disinfectant. 

The  disinfectants  usually  spoken  of  as  the  coal-tar  group,  a 
large  number  of  which  are  available,  are  generally  regarded  by 
most  authorities  as  the  best  for  general  disinfecting  purposes. 

It  shoiild  be  kept  in  mind  that  the  germicidal  power  of  a 
certain  substance  may  vary  with  the  organisms  it  is  called  upon 
to  destroy.  This  is  due  to  the  resistance  to  destruction  offered 
by  these  bacteria.  That  class  which  forms  spores — anthrax, 
blackleg  and  tetanus,  for  example — are  extremely  hard  to  kill 
with  any  disinfectant  when  they  are  in  the  spore  stage. 

Carbolic  acid  in  strength  sufficient  to  kill  many  bacteria  will 
not  destroy  the  germ  that  causes  hog  cholera.  On  the  other 
hand,  we  have  examples  where  certain  germs  appear  to  be  highly 
susceptible  to  the  action  of  certain  chemicals.  These  facts  should 
be  kept  in  mind  and  we  should  take  advantage  of  our  knowledge 
whenever  we  are  called  upon  to  advise  or  to  put  into  practice  the 
theories  of  disinfection. 

There  are  several  diseases  which  are  commonly  met  with  in 
our  dairy  herds,  caused  by  bacteria  concerning  which  we  have 
considerable  knowledge,  the  fruits  of  time-consuming  and  pains- 
taking study  and  investigation.  This  knowledge  should  be  of 
the  greatest  possible  use  to  us  in  the  intelligent  performance  of 
our  duties. 

In  the  matter  of  infectious  diseases  of  our  food-producing 
animals,  and  the  ultimate  eradication  of  these  plagues  from  the 
face  of  the  earth,  if  such  a  thing  is  possible,  we  must  learn  to 
regard  the  diseased  animal  as  the  greatest  menace  to  the  healthy 
animals  in  the  herd,  whether  the  disease  be  tuberculosis,  infec- 
tious abortion,  hog  cholera,  glanders  or  any  other  disease  of  like 
nature. 

A  great  deal  of  the  time,  labor  and  expense  of  disinfecting 
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may  be  for  naught  if  the  source  of  additional  infection  is  allowed 
to  remain.  For  instance,  if  a  herd  of  cows  is  tested  for  tuber- 
culosis, and  a  number  of  them  react,  unless  all  of  these  reactors 
are  removed  from  the  herd  immediately  and  either  destroyed  or 
isolated  in  a  quarantine  barn,  there  is  little  to  be  gained  by  the 
test  or  any  disinfection  of  the  stable  subsequent  to  the  test,  as 
far  as  the  ultimate  eradication  of  the  disease  is  concerned. 

You  will  note  that  I  was  careful  not  to  say  that  there  would 
be  no  use  in  such  a  procedure.  I  have  always  been  of  the  opinion 
that  no  matter  how  hopeless  a  job  of  disinfecting  might  appear,  if 
real  effort  were  intelligently  expended  in  the  work  a  great  deal 
of  the  existing  infection  would  probably  be  destroyed,  and  the 
chances  for  further  damage  made  just  that  much  less.  In  this 
connection  it  might  be  said  that  many  disease  germs  probably  do 
not  multiply  to  any  great  extent  outside  of  the  animal  body. 
However,  there  is  no  telling  how  long  they  may  lurk  around, 
awaiting  the  time  when  they  will  again  find  their  way  into  the 
body  of  a  susceptible  animal,  there  again  to  renew  their  activities 
along  their  particular  line. 

Much  has  been  said  and  written  on  the  construction  of  dairy 
barns,  and  it  is  pleasing  to  note  the  tendencies  of  the  present  day 
toward  so  building  these  structures  that  they  can  be  easily  cleaned 
and  kept  clean.  The  floors  should  receive  special  attention  in 
this  regard.  There  is  much  to  be  said  in  favor  of  concrete  con- 
struction, in  spite  of  the  fact  that  it  is  frequently  objected  to  on 
the  score  that  concrete  floors  are  cold  and  damp  in  winter  and 
give  rise  to  diseases  of  the  udder.  Creosote  blocks  set  in  con- 
crete do  not  have  this  objectionable  feature,  are  almost  as  durable 
and  not  much  more  expensive. 

Stable  disinfection  may  be  either  a  routine  procedure  or  it 
may  be  an  operation  performed  only  as  an  emergency.  On  the 
one  hand,  it  may  be  said  to  be  a  prophylactic  measure,  and  on 
the  other  a  curative  measure.  We  should  practice  more  prophy- 
laxis and  not  wait  until  we  have  trouble  at  our  doors  before  put- 
ting into  operation  the  measures  which  we  expect  to  help  us  out 
of  our  difiiculties. 

Most  infectious  diseases  are  preventable.  Our  views  con- 
cerning the  transmission  of  some  of  these  diseases  have  already 
undergone  considerable  change,  and  the  chances  are  that  before 
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many  years  we  will  have  to  modify  still  further  what  are  our 
present  ideas  on  the  subject.  At  the  present  time  the  discrep- 
ancies are  too  great,  in  some  cases  at  least,  between  what  actually 
happens  under  natural  conditions  and  what  appears  to  happen 
when  we  substitute  artificial  conditions  for  the  natural,  in  our 
studies  of  these  diseases  in  the  laboratory. 

There  is  no  getting  away  from  the  fact  that  frequent  and 
thorough  disinfection  of  a  dairy  barn  would  add  to  the  gross 
cost  of  producing  milk.  Moreover,  the  results  of  any  system  of 
disinfection  are  not  readily  apparent  from  day  to  day.  For  these 
reasons  the  average  dairyman  is  naturally  dubious  about  going 
to  the  additional  expense.  However,  to  those  who  have  given 
the  matter  careful  thought,  it  appears  to  be  good  business  to  not 
stint  the  use  of  disinfectants.  Intelligent  stable  management 
means  fewer  sick  cows,  and  consequently  fewer  dead  ones.  Sick 
cows  are  usually  non-producers  and  dead  cows  have  to  be  re- 
placed. In  either  event  there  is  an  actual  increment  to  the  cost  of 
producing  a  pound  of  milk.  Healthy  cows  will  keep  this  steadily 
increasing  figure  down  to  somewhere  near  where  it  belongs. 
Cleanliness  of  the  stables  is  usually  reflected  very  clearlv  in  the 
health  of  the  animals  confined  therein. 

Now,  as  to  the  best  method  of  disinfecting  a  stable,  only  a 
few  general  rules  can  be  gi\tn  here,  because  what  would  apply 
to  one  case  might  very  likely  fail  to  apply  in  the  next. 

When  possible,  all  animals  should  be  removed  from  the  barn 
while  the  disinfection  is  in  progress.  All  litter  should  be  removed 
from  the  stalls,  and  if  the  situation  warrants  the  procedure,  this 
litter  should  be  burned  as  near  to  the  barn  as  safety  will  permit. 
The  shorter  the  distance  the  litter  has  to  be  transported  the  bet- 
ter. Perhaps  the  most  efficient  way  of  applying  any  disinfectant 
in  liquid  form  is  by  means  of  a  power  sprayer,  or  spray  pump, 
similar  to  those  used  for  spraying  fruit  trees.  For  the  daily  dis- 
infection of  floors,  alleys  and  runways,  a  knapsack  sprayer  is 
very  convenient. 

When  the  work  of  disinfection  is  left  to  the  lulp  around  the 
barn,  care  should  be  taken  to  see  that  proper  instructions  are 
issued,  especially  as  to  the  dilution  of  the  disinfectant.  If  this  is 
done  in  a  "hit-or-miss"  fashion,  the  solution  will  be  either  too 
weak  or  too  strong.     In  most  cases  these  dilutions  have  been  care- 
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should  be  followed  very  carefully,  both  for  the  sake  of  economy 
as  well  as  efficiency.  The  most  efficient  disinfectant  may  be 
wasted  and  its  effect  lost  by  a  careless  operator  who  fails  to  fol- 
low directions. 

Your  president  suggested  that  I  say  a  word  concerning  milk- 
ing machines,  from  the  bacteriological  standpoint.  The  use  of 
these  machines  seems  to  be  growing  in  favor  in  modern  dairies. 
At  least  two  reasons  for  this  are  readily  apparent,  the  increasing 
scarcity  of  farm  labor  and  the  possibilities  in  the  way  of  produc- 
ing a  cleaner  milk.  However,  the  latter  may  not  always  work 
out  as  we  would  wish  it,  as  shown  by  Ruediger.  The  latter 
showed  that  the  milking  machine  may  actually  be  a  factor  in  the 
production  of  milk  that  was  dirty,  from  the  bacteriological  stand- 
point. Instead  of  keeping  the  milk  free  from  contamination, 
just  the  opposite  may  happen  unless  the  teat  cups  and  rubber  tub- 
ing are  very  carefully  cleaned  and  scalded  before  each  milking. 
Chemical  disinfectants  are  generally  unsuitable  for  milking  ma- 
chines and  their  attachments. 

One  other  word,  and  that  is  concerning  the  disposal  of  ma- 
nure. Certain  dangers  in  the  way  of  infectious  and  parasitic  dis- 
eases may  lurk  in  stable  manure.  These  dangers  may  be  kept  at 
a  minimum  by  the  prompt  and  proper  removal  of  the  manure 
from  the  barn,  and  then  seeing  that  it  is  properly  disposed  of. 
It  is  considered  good  farm  management  to  haul  the  manure 
directly  to  the  fields.  When  this  is  done  and  the  manure  subse- 
quently plowed  under,  the  chance  for  damage  from  any  bacteria 
or  parasite  eggs  is  slim  indeed.  Likewise,  manure  that  is  prop- 
erly composted,  probably  automatically  disinfects  itself.  This 
comes  about  through  the  production  of  heat  incident  to  fermenta- 
tion. The  free  use  of  a  good  disinfectant  in  the  gutters  behind 
the  cows  will  do  much  toward  minimizing  the  dangers  from  in- 
fected manure  in  stables  where  an  infectious  disease  is  known  to 
exist.  The  use  of  chlorinated  lime  or  freshly  slaked  lime  has 
met  with  considerable  favor  in  this  connection.  Lime  in  the 
form  of  whitewash  has  some  good  points  in  its  favor.  The  dis- 
infectant powers  of  the  lime  may  be  augmented  by  the  addition 
of  some  other  disinfectant  just  before  the  whitewash  is  applied. 

A  little  stunt  that  may  repay  the  effort  many  times  is  to  have 


a  shallow  tray  of  some  disinfectant  solution  located  near  the  door 
of  the  barn.  This  is  especially  true  if  the  barn  is  one  that  is  fre- 
quently visited  by  strangers,  or  if  an  infectious  disease  is  known 
to  exist  in  the  neighborhood.  Everyone  entering  the  barn  should 
be  instructed  to  disinfect  his  shoes.  The  practice  may  also  have 
very  desirable  psychological  value. 

A  recent  publication  of  the  Department  of  Agriculture  sug- 
gested the  use  of  bichloride  of  mercury  as  a  disinfectant  in  pref- 
erence to  carbolic  acid  or  any  of  the  coal-tar  preparations,  where 
the  odors  of  these  would  be  objectionable,  due  to  the  ease  with 
which  milk  and  milk  products  absorb  odors.  Just  a  word  of 
warning  in  this  connection.  If  the  stable  has  iron  floor  drains, 
traps  or  sewer  pipes,  the  bichloride  of  mercury  will  corrode 
these  in  time,  even  when  weak  solutions  are  used.  Tile  drains 
would  not  be  so  affected. 

Skinning  of  the  carcasses  of  dead  animals  is  a  common  prac- 
tice for  the  purpose  of  saving  and  selling  the  hides.  This  should 
not  be  done  unless  the  cause  of  death  is  determined,  and  it  is 
known  that  no  infection  may  be  spread  through  the  agency  of  the 
hide.  The  latter  may  be  made  safe  by  immersion  in  a  bath  of 
disinfectant  for  twenty-four  hours,  except  in  the  case  of  anthrax, 
where  a  special  procedure  is  necessary  in  order  to  kill  any  spores 
that  may  be  present.  However,  it  is  a  very  dangerous  practice 
to  save  a  hide  from  an  animal  that  has  died  of  anthrax  and  should 
never  be  attempted. 

The  prevention  of  certain  animal  diseases  has  been  made  pos- 
sible by  vaccination,  but  it  was  never  the  inUntion  of  our  scien- 
tists to  have  vaccination  replace  sanitation. 
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Strong>les,  including  for  the  most  part  species  of  the  genus 
Strongylus  (Sclcrostonmm)  and  Cylicostomum  (Trichonema, 
Cylicostomum,  "Sclerostomiim  tetracanthum"),  are  very  com- 
mon parasites  of  the  large  intestine  of  the  horse,  and  are  regarded 
as  rather  serious  parasites.  The  adult  worms  of  the  genus 
Strongylus  are  blood-suckers,  as  their  red  color  indicates,  and  the 
habit  of  sucking  blood  produces  here,  as  elsewhere,  resultant 
anemic  conditions  and  the  associated  lowering  of  vitality  and  of 
resistance  to  other  injurious  factors.  The  larval  worms  develop 
in  various  organs  and  tissues  outside  of  the  digestive  tract  and 
in  the  walls  of  the  digestive  tract,  acting  as  foreign  bodies  and 
occasioning  varying  degrees  of  injury  according  to  location.  The 
larvae  of  Strongylus  vulgaris  cause  aneurisms  of  the  great 
mesenteric  artery,  and  later  pass,  as  agamic  adults  to  the  walls 
of  the  cecum,  where  they  form  small  cysts  or  abscesses.  The 
larvae  of  Str.  eqiiinus  usually  occur  in  the  liver,  lungs  and  pan- 
creas. The  larvae  of  Str.  edentatu-s  are  especially  apt  to  occur 
under  the  serous  membranes,  the  peritoneum  and  pleura,  but  may 
occur  almost  anywhere.  The  larvae  of  Cylicostomum  occur  in 
cysts  in  the  walls  of  the  large  intestine.  Verminous  aneurisms 
are  well  known  to  veterinarians  as  the  potential  cause  of  sudden 
death  by  rupture,  of  intermittent  lameness  from  embolism  due 
to  particles  from  the  aneurism  lodging  in  the  blood  vessels  of  the 
hind  legs,  and  of  verminous  colic  from  embolism  similarly  occa- 
sioned occurring  in  the  blood  supply  of  the  large  intestine. 

The  symptoms  resulting  from  infestation  with  these  worms 
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are  diarrha-a,  loss  of  appetite,  emaciation,  and  anemia.  Later 
the  animal  may  show  edema,  joint  infection,  intermittent  colic, 
or  the  other  symptoms  noted.  The  condition,  like  almost  all 
worm  diseases,  is  afebrile.  The  disease  may  prove  fatal,  become 
chronic  as  the  result  of  injuries  to  tissues,  or  the  animal  may 
recover. 

The  noted  French  authority,  Railliet  (1915),  states  that  it  is 
difficult  to  expel  parasites  from  the  large  intestine  by  oral  medi- 
cation in  any  host  species,  and  this  is  the  general  view  of  para- 
sitologists and  veterinarians.  It  is  quite  decidedly  the  prevailing 
view  as  regards  the  expulsion  of  strongj^les  from  the  horse.  Here 
the  worms  are  remote  from  the  mouth  and  associated  with  large 
masses  of  undigested  material  in  a  way  that  makes  dilution  of  the 
anthelmintic  certain  and  contact  with  the  worms  theoretically 
difficult.  Somewhat  to  our  surprise,  our  experiments  showed 
that  these  worms  could  be  removed  with  great  certainty  and  with 
a  high  degree  of  efficacy  as  regards  the  number  removed  compared 
with  the  total  number  present.  Inasmuch  as  our  findings  in  these 
experiments  are  completed  by  postmortem  examination,  these  re- 
sults are  dependable.  Of  course,  occasionally  failures  must  be 
expected,  but  strongylidosis  is  more  susceptible  of  successful 
treatment  than  has  been  thought. 

Our  explanation  of  the  high  degree  of  efficacy  obtained  in  the 
removal  of  worms  from  the  cecum  and  colon  of  the  horse  is  that 
it  is  due  to  the  increase  in  the  time  factor,  as  regards  period  of 
exposure  of  the  worm  to  the  anthelniintic.  .\nlhelminlic  efficacy 
is  a  product  of  certain  factors — the  potency  of  the  drug,  the 
amount  of  the  drug,  the  contact  with  the  worms,  and  the  period 
of  contact  with  the  worms.  In  a  general  way,  an  increase  in  any 
of  these  factors  increases  their  product,  which  is  the  anthelmintic 
efficacy.  Food  and  drugs  pass  rather  rapidly  from  tlie  stomach 
and  through  the  small  intestine  of  the  horse,  but  they  lie  for 
comparatively  long  periods  in  the  cecum  and  double  colon.  It 
seems  entirely  probable  that  the  long  period  in  which  anthel- 
mintics may  operate  in  the  large  intestine  is  responsible  for  the 
high  efficacy  they  ali.iin.  In  this  connection  it  should  be  noit-d 
that  food  enters  the  cecum  (if  the  horse  through  one  aperture  and 
passes  out  through  anotluT,  a  condition  not  present  in  such 
animals  as  the  chicken,  dog,  swine,  sheep,  cattle,  etc.    Tn  the  latter 
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animals,  it  is  theoretically  possible,  and,  in  the  case  of  the  dog, 
entirely  probable  from  the  evidence  of  such  anthelmintic  experi- 
ments as  those  of  Hall  and  Foster  (1918),  for  drugs  to  pass  the 
ileocolic  or  ileocecal  valve  to  the  colon  without  entering  the  cecum. 
This  is  not  possible  in  the  horse,  so  that  drugs  can  be  depended  on 
to  enter  the  cecum  if  they  pass  the  ileocecal  valve. 

The  method  used  by  us  in  our  experiments  was  the  one  already 
published  by  one  of  us  (Hall,  1917)  in  connection  with  a  study 
of  the  action  of  carbon  bisulphide  on  bots.  One  of  us  (Wilson) 
administered  the  drugs,  supervised  the  feeding  and  fasting  of  the 
horses  and  the  collection  of  the  manure  and  made  the  general 
postmortem  examination.  The  others  made  daily  collections  and 
identifications  of  the  worms  from  the  manure,  collected  and 
identified  the  worms  present  postmortem,  and  noted  the  condition 
of  the  digestive  tract  postmortem.  Worms  were  only  identified 
as  far  as  their  genus,  it  being  out  of  the  question  to  identify 
species  of  Cylicostornum  Trichonema  from  manure  in  work  of 
this  sort  and  unnecessary  to  do  this  or  identify  species  of 
Strongyliis  in  ascertaining  efficacy.  Our  results  do  not  indicate 
that  any  particular  species  shows  any  special  resistance.  The 
manure  was  examined  daily,  being  picked  apart  slowly  and  care- 
fully. This  is  a  slow  and  tedious  task,  but  entirely  feasible.  A 
few  Cylicostoinum  are  doubtless  overlooked,  but  the  oversights 
antemortem  and  postmortem  probably  offset  one  another,  leaving 
the  ascertained  percentage  of  anthelmintic  efficacy  substantially 
correct.  Rubber  gloves  were  worn  to  protect  the  hands,  but  the 
task  of  examining  manure  thus  is  not  so  unpleasant  as  might  be 
imagined.  On  postmortem  examination,  the  contents  of  the  large 
intestine  were  examined  in  the  same  way,  and  the  worms  col- 
lected, counted  and  identified.  Our  work  covered  the  efficacy  of 
our  drugs  against  other  worms,  as  well  as  strongyles,  and  these 
findings  are  covered  in  the  paper  immediately  following  this. 

Railliet  (1915)  notes  that  Giles  gave  a  pony  thymol  to  remove 
Cylicostoinum,  using  3  doses  of  15  grams  each,  which  removed 
many  worms.  Subsequently  he  gave  the  same  animal  a  lavage 
with  a  watery  emulsion  of  45  grams  of  thymol  dissolved  in 
alcohol.  This  killed  the  worms  and  the  horse.  Railliet  also  notes 
that  Theobald  gave  a  horse  thymol,  1  gram  in  the  morning  and  1 
gram  in  the  evening,  the  dose  being  dissolved  in  30  grams  of 
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alcohol.  The  next  day  he  gave  castor  oil.  Theobald  claims  that 
this  killed  strongyles,  ascarids  and  pinworms,  and  even  killed 
the  encysted  forms.  Railliet  further  notes  that  Dorn  and  Boch- 
berg  used  atoxyl,  the  former  injecting  3  grams  in  100  grams  of 
water  at  37°C.,  and  the  latter  injecting  0.3  to  1.5  grams  in  1 
per  cent  saline  solution  intravenously  and  subcutaneously.  Lene- 
veu  (1915)  recommends  the  use  of  carbon  bisulphide  in  gelatine 
capsules,  giving  2  to  5  grams,  according  to  the  size  of  the  animal, 
every  day  for  5  days,  and  following  this  on  the  sixth  day  with  a 
purgative,  preferably  magnesium  sulphate.  Conreur  (1915) 
gives  1-  to  2-year-old  colts  a  hard  soap  bolus  containing  6  gms. 
of  thymol,  a  half  a  gram  of  santonin,  and  6  gms.  of  aloes.  One 
bolus  is  given  every  2  to  4  days  for  a  total  of  3  or  4  doses.  The 
dose  is  doubled  for  a  3-year-old. 

In  our  experiments,  some  of  the  common  anthelmintics  which 
are  given  to  horses  for  worms,  usually  for  ascarids,  were  tested. 
These  anthelmintics  were  iron  sulphate,  tartar  emetic,  and  tur- 
pentine. In  addition  we  tested  oil  of  chenopodium,  which  has 
been  recommended  for  worms  in  horses  by  Thum  (1915)  and  by 
Woolridge  (1916).  Thum  gives  suckling  foals  3  doses  at  2-hour 
intervals  for  a  total  of  50  drops,  followed  2  hours  later  by  castor 
oil  if  desired,  and  gives  50  to  100  drops  to  colts  which  are  weaned. 
He  thinks  it  is  much  safer  than  tartar  emetic.  Woolridge  gave  a 
horse  1  dram  of  oil  of  chenopodium  and  40  grains  of  thymol  twice 
a  day  for  a  month  and  reports  that  the  animal  passed  myriads  of 
worms  and  became  fat.  The  dosage  used  and  recommended  for 
the  other  drugs  named  varies  considerably.  Iron  sulphate  is  given 
in  doses  of  1  ounce  to  the  fasting  animal,  in  2-  to  4-dram  doses  in 
a  mash,  twice  a  day  for  7  days.  Tartar  emetic  is  given  in  doses 
of  one  ounce  in  aloes  ball  to  the  fasting  animal,  2  to  4  drams  in  a 
mash  twice  a  day  for  5  days,  etc.  Turpentine  is  usually  given  in 
doses  of  1  to  4  ounces  in  a  half  pint  to  a  quart  of  linseed  oil. 
Place  (1915)  says  of  turpentine:  "One  or  two  teaspoons  of 
chloroform  increases  the  cfTecliveness  of  the  mixture  and  the 
risk." 

Our  experiments  were  as  follows : 

Horse  No.  IGIO,  a  H-ycar-old  gelding  weighing  1075  pounds, 
was  given  2  drams  of  iron  sulphate  in  a  mash  daily  for  7  days. 
The  third  day  of  treatment  the  horse  passed  2  Cylicostomum,  the 


fourth  day  1,  and  tlie  sixth  day  1,  a  total  of  i  Cylicostoiiinin.  The 
horse  was  killed  10  days  after  the  last  treatment,  the  manure 
being  examined  during  this  period  following  treatment.  On 
postmortem  examination  the  animal  had  288  Cylicostoiniun  and 
80  Strongyhis.  The  treatment  was  0  per  cent  effective  against 
Strongylus  and  much  less  than  1  per  cent  effective  against  Cyli- 
costomum;  in  other  words,  a  failure. 

Horse  No.  32,  an  11-year-old  gelding  weighing  1250  pounds, 
was  given  2  drams  of  tartar  emetic  in  a  mash  daily  for  5  days. 
The  third  day  the  horse  passed  1  Cylicostomum,  the  fourth  day  1, 
the  first  day  after  the  last  treatment  2,  the  third  day  4  Cylicos- 
tomum and  1  Strongylus,  the  seventh  day  1  Cylicostomum,  and 
the  twelfth  day  1,  a  total  of  10  Cylicostomum  and  1  Strongylus. 
On  postmortem  the  horse  had  5474  Cylicostomum  and  312 
Strongylus.  The  treatment  was  therefore  less  than  1  per  cent 
effective  against  Cylicostomum  and  Strongylus;  in  other  words,  a 
failure.  The  small  intestine  showed  numerous  petechise  and 
ecchymoses  which  were  apparently  due  to  the  action  of  the  drug. 

Horse  No.  371,  a  9-year-old  gelding  weighing  1050  pounds, 
was  given  2  ounces  of  turpentine,  followed  immediately  by  a 
quart  of  linseed  oil.  The  next  day  the  horse  passed  9  Strongylus 
and  56  Cylicostomum,  tho  second  day  50  Strongylus  and  211 
Cylicostomum,  the  third  day  18  Strongylus  and  3  Cylicostomum, 
the  fourth  day  3  Strongylus,  the  fifth  day  22  Strongylus,  the 
sixth  day  3  Cylicostomum,  a  total  of  102  Strongylus  and  274 
Cylicostomum.  The  seventh  day  the  animal  passed  no  worms  and 
was  killed.  On  postmortem  examination  the  horse  had  105 
Strongylus  in  the  cecum  and  7  in  the  colon,  a  total  of  112;  no 
Cylicostomum  was  found.  The  treatment  was  therefore  100 
per  cent  effective  against  Cylicostomum  and  48  per  cent  effective 
against  Strongylus,  a  very  good  showing.  This  horse  had  been 
fasted  less  than  24  hours,  and  it  is  possible  that  greater  efficacy 
would  have  resulted  from  a  longer  period  of  fasting. 

Horse  No.  1641,  a  13-year-old  mare  weighing  1100  pounds, 
was  given  8  mils  of  oil  of  chenopodium,  followed  immediately  by 
a  quart  of  linseed  oil.  The  third  day  after  treatment  the  horse 
passed  1  Cylicostomum,  the  fourth  day  1  Cylicostomum,  and  the 
sixth  day  1  Strongyhis  and  430  Cylicostomum.  The  treatment 
was  therefore  less  than  1  per  cent  effective  against  strongyles ;  in 
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other  words,  a  failure.  This  horse  had  been  fasted  less  than  24 
hours. 

Horse  No.  89,  an  11-year-old  gelding  weighing  10~0  pounds, 
was  given  10  mils  of  chenopodium,  a  somewhat  larger  dose  than 
in  the  previous  case,  followed  immediately  by  a  quart  of  linseed 
oil.  The  second  day  the  horse  passed  5  Strongylus  and  169  Cyli- 
costomum,  and  the  third  day  2  Cylicosfomiim.  The  horse  was 
killed  the  third  day.  On  postmortem  examination,  16  Cylicos- 
tomwm  were  found  dead  and  being  passed  out  in  the  floating 
colon,  making  a  total  of  187  Cylicostomiiin  to  be  credited  to  the 
anthelmintic.  There  were  still  left  1545  Strongyhis  and  448 
Cylicostomum.  The  treatment  was  therefore  less  than  1  per  cent 
effective  against  Strongylus  and  was  29  per  cent  effective  against 
Cylicostomum.  The  horse  had  been  fasted  less  than  24  hours 
and  was  inadvertently  fed  shortly  before  treatment. 

Horse  No.  272,  an  11-year-old  gelding  weighing  1150  pounds, 
was  given  16  mils  of  chenopodium,  double  the  dose  given  to  No. 
1641,  followed  immediately  by  a  quart  of  linseed  oil.  The  next 
day  the  horse  passed  4  Strongylus  and  17  Cylicostomum,  the 
second  day  7  Strongylus  and  15  Cylicostomum,  the  third  day  39 
Strongylus  and  70  Cylicostomum.  The  horse  was  killed  on  the 
fourth  day  and  found  to  have  19  Strongylus.  The  treatment  was 
therefore  100  per  cent  effective  against  Cylicostomum  and  76 
per  cent  effective  against  Strongylus.  The  horse  was  fasted  less 
than  24  hours  before  treatment. 

Horse  No.  273,  an  11-year-old  gelding  weighing  1100  pounds, 
was  given  18  mils  of  chenopodium,  followed  immediately  by  a 
quart  of  linseed  oil.  The  next  day  the  horse  passed  64  Cylicos- 
tomum, the  second  day  293  Cylicostomum  and  7  Strongylus,  and 
the  third  day  64  Cylicostomum  and  1  Strongylus,  a  total  of  421 
Cylicostomum  and  8  Strongylus.  On  postmortem  examination 
the  horse  had  7  Cylicostomum  and  1  Strongylus  in  the  floating 
colon,  which  should  be  credited  to  the  eflicacy  of  the  anthelmintic. 
There  were  also  102  Strongylus  and  3195  Cylicostomum.  Tlue 
treatment  was  therefore  11  per  cent  effective  against  Cylicos- 
tomum and  less  tlian  1  per  cent  effective  against  Strongylus.  The 
horse  was  fasted  less  than  24  hours  before  treatment. 

Horse  No.  1033,  a  6-year-ol(l  gelding  weighing  1075  pounds, 
was  given   16  mils  of  chcno|KKlium,   followed  immediately  by  a 


307 
quart  of  linseed  oil,  the  horse  having  been  fasted  a  full  24:  hours 
before  treatment.  The  next  day  the  animal  passd  1  Cylicos- 
tommn,  the  third  day  30  Cylicostomum  and  30  Strongylus,  the 
fourth  day  34  Cylicostomum  and  49  Strongylus,  and  the  fifth 
day  12  Cylicostomum  and  8  Strongylus,  a  total  of  77  Cylicos- 
tomum and  107  Strongylus.  The  animal  was  killed  on  the  fifth 
day.  On  postmortem  examination  there  were  found  2  larval 
Cylicostomum  that  might  have  issued  from  a  cyst  in  the  esopha- 
geal mucosa  after  the  treatment,  and  probably  did  do  this.  Re- 
garding them  as  having  issued  from  their  cysts  after  the  passage 
of  the  anthelmintic,  the  treatment  was  100  per  cent  effective 
against  Cylicostomum  and  Strongylus.  Even  regarding  them  as 
surviving  the  anthelmintic  would  make  the  treatment  97  per  cent 
effective  against  Cylicostomum. 

Horse  No.  240,  an  8-year-old  gelding  weighing  1100  pounds, 
was  given  16  mils  of  oil  of  chenopodium  followed  2  hours  later  by 
a  quart  of  linseed  oil.  The  next  day  the  horse  passed  352  Cylicos- 
tomum and  1  Strongylus,  the  second  day  184  Cylicostomum  and 
26  Strongylus,  the  third  day  4  Cylicostomum  and  22  Strongylus, 
the  fourth  day  6  Strongylus,  and  the  fifth  day  2  Strongylus, 
a  total  of  540  Cylicostomum  and  61  Strongylus.  The  horse  was 
killed  on  the  fifth  day.  On  postmortem  examination,  2  dead 
Strongylus  were  found  in  the  floating  colon  and  3  dead  Stron- 
gylus in  the  double  colon,  which  worms  must  be  regarded  as 
killed  by  the  anthelmintic.  There  were  also  3  live  Strongylus 
in  the  cecum.  The  treatment  was  therefore  100  per  cent  effective 
against  Cylicostomum  and  96  per  cent  effective  against 
Strongylus. 

Horse  No.  1031,  an  8-year-old  gelding  weighing  1060  pounds, 
was  given  the  iron  sulphate  treatment.  The  intention  was  to 
give  doses  of  4  grams  of  iron  sulphate  twice  daily  in  a  mash,  for 
a  period  of  7  days,  but  as  the  horse  refused  to  clean  up  this 
amount  of  medicated  mash,  the  14  doses  were  administered  over 
a  period  of  12  days.  The  manure  was  only  casually  examined  for 
Strongylus  and  Cylicostomum,  being  primarily  examined  for 
ascarids.  The  third  day  of  the  treatment  the  horse  passed  1 
Cylicostomum,  the  fifth  day  2  Cylicostomum,  a  total  of  3  Cylicos- 
tomum. Sixteen  days  after  beginning  treatment,  the  horse  was 
given  3  doses  of  6  mils  of  chenopodium  at  hour  intervals,  the'last 
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dose  being  followed  an  hour  later  by  a  quart  of  linseed  oil.  The 
horse  was  fasted  over  24  hours.  The  day  of  treatment  the  horse 
passed  49  Cylicostomum,  the  following  day  1024  Cylicostomum 
and  54  Strongylus,  the  second  day  103  Cylicostomum  and  11 
Strongylus,  the  third  day  30  Cylicostomum,  the  fourth  day  35 
Cylicostomum  and  6  Strongylus,  and  the  fifth  day  1  Cylicos- 
tomum and  5  Strongylus,  a  total  of  1242  Cylicostomum  and  76 
Strongylus.  The  horse  was  killed  on  this  fifth  day  and  found  to 
have  2  larval  Cylicostomum,  which  we  regard  as  having  left  their 
cysts  in  the  intestinal  mucosa  after  the  anthelmintic  had  passed 
out,  and  4  live  Strongylus  in  addition  to  the  2  dead  Strongylus 
passing  out  in  the  floating  colon.  The  treatment  was  therefore 
100  per  cent  effective  against  Cylicostomum  and  95  per  cent 
effective  against  Strongylus. 

From  the  foregoing  experiments  we  may  come  to  the  follow- 
ing conclusions : 

Iron  sulphate  in  the  light  dose  used  (2  drams  in  a  mash  daily 
for  7  days)  was  a  failure,  removing  no  Strongylus  and  less  than 
1  per  cent  of  the  Cylicostomum  present.  Not  too  much  may  be 
concluded  in  regard  to  the  value  of  larger  doses,  but  in  view  of 
the  fact  that  this  treatment  is  not  recommended  for  strongyles, 
it  is  likely  that  it  is  not  of  much  value.  This  conclusion  is  sub- 
stantiated by  the  poor  results  obtained  from  the  administration 
of  7  ounces  of  iron  sulphate  over  a  ])eriod  of  12  days  in  the  case 
of  Horse  No.  1031. 

Tartar  emetic  in  the  light  dose  used  (2  drams  in  a  mash  daily 
for  5  days)  was  a  failure,  removing  less  than  1  per  cent  of  the 
strongA'les  present.  The  evidence  of  severe  irritation  in  the 
digestive  tract  postmortem  inclines  us  to  believe  that  this  drug 
is  not  apt  to  prove  of  much  value  in  this  condition,  as  increased 
size  of  dose  to  secure  greater  efficacy  would  mean  a  degree  of 
gastro-intestinal  irritation  that  in  our  opinion  should  be  avoided. 

Turpentine  in  a  moderate  dose  (2  ounces  in  a  quart  of  linseed 
oil)  was  a  rather  effective  remedy  in  the  one  test  made,  removing 
all  of  the  Cylicostomum  and  48  per  cent  of  the  Strongylus. 

Oil  of  chenopodium  was  a  failure  in  small  doses  with  less  than 
a  24-hour  fast,  failing  to  remove  1  per  cent  of  the  strongyles 
present  in  a  dose  of  8  mils;  it  was  less  than  1  per  cent  effective 
against  Strongylus  and  only  29  per  cent  effective  against  Cylicos- 
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tomum  in  a  dose  of  10  mils.  In  larger  doses,  with  less  than  a  24- 
hour  fast  before  treatment,  the  findings  are  somewhat  contra- 
dictory: a  16-mil  dose  was  100  per  cent  effective  against  Cylicos- 
tomiim  and  76  per  cent  effective  against  Strongylns,  while  an 
18-mil  dose  was  11  percent  effective  against  Cylicostomum  and 
less  than  1  percent  effective  against  Strongylns.  In  these  same 
larger  doses,  with  fasts  of  at  least  24  hours,  the  treatment  is 
highly  effective.  In  one  case,  where  the  chenopodium  and  linseed 
oil  were  given  simultaneously,  the  treatment  was  apparently  100 
per  cent  effective  against  strongyles ;  in  another  case,  where  the 
linseed  oil  was  given  2  hours  after  the  chenopodium,  the  treat- 
ment was  100  per  cent  effective  against  Cylicostomum  and  96 
per  cent  effective  against  strongyles ;  in  another  case,  where  the 
chenopodium  was'  given  in  divided  doses  followed  by  linseed 
oil  an  hour  after  the  last  dose,  the  treatment  was  100  percent 
effective  against  Cylicostomum  and  95  percent  effective  against 
Strongylns. 

SUMMARY. 

Contrary  to  what  has  been  supposed,  the  removal  of  strongyles 
from  the  large  intestine  of  the  horse  presents  no  great  difficulties. 
The  remedy  of  choice  is  oil  of  chenopodium,  which  displays  an 
efficacy  of  95  to  100  per  cent  when  given  to  horses  fasted  36 
hours  and  given  in  doses  of  16  to  18  mils,  in  one  dose  or  in 
divided  doses,  accompanied  by  a  quart  or  a  liter  of  linseed  oil  or 
followed  one  or  two  hours  later  by  this  amount  of  linseed  oil. 
The  small  worms,  Cylicostomum,  are  more  readily  removed  than 
the  large,  red  palisade  worms,  Strongylns,  probably  due  to  the 
fact  that  Strongylns  attaches  to  the  mucosa  and  Cylicostomum 
does  not.  Turpentine  appears  to  be  the  second  choice  of  the 
remedies  tested.  In  the  doses  used,  iron  sulphate  and  tartar 
emetic  gave  very  poor  results  and  promised  little  of  value  in  the 
treatment  of  strongylidosis. 
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In  the  foregoing  paper  the  writers  h^ve  shown  that  equine 
intestinal  strongylidosis,  contrary  to  what  might  be  supposed,  is 
a  disease  readily  amenable  to  treatment  so  far  as  the  removal,  of 
the  adult  worms  from  the  intestine  is  concerned.  In  this  paper 
we  can  confirm  the  idea  that  equine  oxyuriasis  is  readily  amenable 
to  anthelmintic  treatment,  as  has  been  .stated  by  such  authorities 
as  Railliet,  and  the  idea  that  equine  ascariasis  is  not  readily 
amenable  to  anthelmintic  treatment  by  therapeutic  doses  of  safe 
anthelmintics  of  which  we  are  at  present  aware,  as  Neveu- 
Lemaire  has  noted. 

In  the  series  of  10  horses  used  in  the  anthelmintic  investiga- 
tions reported  in  our  foregoing  paper,  1  had  infestations  with 
Oxyuris  eqiii.  The  anthelmintic  treatnjents  given  (for  which, 
see  the  paper  referred  to)  removed  100  per  cent  of  the  pinworins 
present  from  5  of  the  7  horses,  as  follows :  Horse  No.  340,  2 
worms ;  Horse  No.  1031,  1  worm ;  Horse  No.  1033,  1  worm ; 
Horse  No.  33,  1  worm ;  Horse  No.  371,  34  worms.  Treatments 
failed  entirely  to  remove  worms  and  left  worms  present  as  fol- 
lows:    Horse  No.  373,  2  worms;  Horse  No.  1640,  3  worms. 

Reference  to  the  foregoing  paper  shows  that  18  mils  of  oil  of 
chenopodium,  followed  immediately  by  a  quart  of  linseed  oil,  in 
the  case  of  an  animal  that  had  fasted  less  than  34  hours,  was  a 
failure,  and  that  2  drams  of  iron  sulphate  in  the  feed  daily  for  7 
days  was  a  failure.  It  may  be  noted  also  that  the  administration 
of  7  ounces  of  iron  sulphate  over  a  period  of  13  days  to  Horse 
No.  1031,  previous  to  the  administration  of  the  chenopodium, 
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was  also  a  failure.  On  the  other  hand,  the  treatments  with 
adequate  doses  of  oil  of  chenopodium,  16-18  mils,  to  animals 
fasted  over  24  hours,  with  2-ounce  doses  of  turpentine,  and  with 
daily  administration  of  2  drams  of  tartar  emetic  in  the  feed  for  5 
days,  were  entirely  successful. 

Of  the  same  10  horses,  8  had  ascarids,  Ascaris  equoricm.  The 
anthelmintic  treatments  given  were  entire  failures  in  the  case  of 
4  of  the  8  horses  and  left  worms  present  as  follows:  Horse  No. 
89,  30  worms;  Horse  No.  371,  15  worms;  Horse  No.  272,  1 
worm;  Horse  No.  1641,  4  worms.  The  treatment  removed  3  per 
cent  of  the  worms  from  Horse  No.  1033,  removing  7  and  leaving 
214;  8  per  cent  from  Horse  No.  32,  removing  1  and  leaving  11; 
12  per  cent  from  Horse  No.  273,  removing  3  and  leaving  14 ; 
and  25  per  cent  from  Horse  No.  1031,  removing  1  and  leaving  3. 

The  foregoing  results  are  not  of  themselves  especially  encour- 
aging, but  they  constitute  a  guide  for  further  work,  and  consider- 
ing the  lack  of  dependable  experimental  work  in  this  field  they 
cannot  be  regarded  as  discouraging.  Equally  unsatisfactory  re- 
sults in  initial  experiments  are  very  commonly  followed  by  en- 
tirely satisfactory  results,  and  it  is  worth  while  to  know  what 
methods  will  not  prove  profitable.  Modifications  in  the  size  of 
dose  or  mode  of  administration  of  some  of  the  drugs  noted  may 
give  much  higher  values  for  the  drugs  used.  At  present  we  can 
only  state  that  additional  experimental  work  is  necessary  before 
we  can  feel  that  we  have  a  dependable  anthelmintic  for  the  re- 
moval of  ascarids  from  horses. 
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One  of  us  (Hoskins)  has  recently  collected  37  specimens  of 
Anoploccphala  mamillana  from  the  duodenum  of  one  horse  (No. 
1019)  and  a  single  specimen  of  the  same  tapeworm  from  another 
horse  (No.  686),  at  Parkedale  Farm,  Rochester,  Michigan.  The 
first  horse  was  a  5-year-old  bay  mare,  weighing  1075  pounds,  that 
had  been  purchased  at  Chelsea,  Michigan,  in  May,  1917,  and  had 
been  at  Parkedale  Farm  for  almost  11  months.  The  second  horse, 
a  6-year-old  brown  mare,  weighing  1050  pounds,  had  been  pur- 
chased at  the  same  place  in  August,  1916,  and  had  been  at  Parke- 
dale Farm  almost  21  months.  So  far  as  we  are  aware,  from  per- 
sonal experience  and  from  investigation  of  the  literature  readily 
available,  this  is  the  first  published  record  of  the  occurrence  of 
this  tapeworm  in  the  United  States  except  for  some  casual  state- 
ments. Kinsley  (1910)  says  Anoploccphala  mamillana  has  been 
reported,  but  we  have  not  found  the  reports.  Dimock  (1917) 
makes  a  very  casual  reference  to  the  occurrence  of  Anoploccphala 
mamillana;  it  is  quite  possible  that  he  had  cases  of  Anoploccphala 
mamillana ,  but  his  statement  is  somewhat  indefinite. 

The  fact  that  no  one  has  taken  the  trouble  to  compile  the 
records  of  the  occurrence  of  horse  tapeworms  in  this  country 
makes  it  difficult  to  correlate  our  record  with  the  records  scat- 
tered through  the  literature,  and  in  our  opinion  warrants  an 
attempt  to  compile,  at  least  tentatively,  the  existing  records.  We 
have  accordingly  got  together  such  records  as  could  be  readily 
found,  and  offer  this  as  a  nucleus  about  which  to  group  new 
records  or  those  we  may  have  failed  to  find. 

There  are  three  species  of  tape-worm  in  the  horse,  Anoplo- 
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cepliala  magna  {Anoplocephala  plicata),  Anoploccphala  perfoli- 
ata,  and  A)ioplocephala  mumillana.   We  have  given  below  a  brief 
description  of  these  worms,  with  their  records  from  this  country 
and  some  incidental  notations. 

Anoplocephala  mamillana  (Mehlis,  1831)  R.  Blanchard,  1891. 

This  is  the  smallest  of  the  three  species,  with  a  total  length 
of  0.6  to  5  cm.  Head  small,  0.5  by  0.8  mm.  in  diameter,  rather 
quadrangular,  and  at  times  retracted  into  the  anterior  end  of  the 
strobila.  The  suckers  and  their  slit-like  apertures  are  elongated 
parallel  to  the  longitudinal  axis  of  the  strobila.  There  are  30  to 
50  segments,  which  very  soon  become  wider  than  the  small  head 
and  attain  a  maximum  width  which  is  maintained  to  the  posterior 
end  of  the  strobila.  Terminal  segments  may  be  half  as  long  as 
wide.  Eggs  88  /<  long  by  50  to  66  /<  wide.  As  many  as  72  speci- 
mens of  this  worm  have  been  recorded  from  one  horse.  The 
worms  occur  in  the  jejunum  and  ileum,  as  a  rule,  and  are  some- 
times found  in  the  stomach.  They  are  not  believed  to  have  much 
pathological  significance.  According  to  Railliet,  this  species  is 
the  commonest  of  the  horse  tapeworm  at  Paris.  Neveu-Lemaire 
(1912)  states  that  taeniasis  is  rare  in  horses  in  France,  but  com- 
mon in  Germany  and  Russia. 

American  records:  The  only  definite  records  of  which  we  are 
aware  are  the  ones  published  in  this  paper.  Stiles  (1896)  has 
some  excellent  figures,  but  his  specimens  were  collected  in  London 
by  Dr.  Albert  Hassall.  These  specimens  are  also  reported 
by  Stiles  and  Hassall  (1894). 

Anoplocephala  pcrfoliata  (Goeze,  1782)   E.  Blanchard,  1818. 

This  species  is  intermediate  in  size  between  Anoplocephala 
magna;  specimens  are  usually  0.8  to  2.5  cm.  long,  but  may  attain 
a  length  of  8  cm.  It  is  characterized  by  the  peculiar  structure  of 
the  suckers,  which  are  prolonged  posteriorly  in  •!  rounded  lobes. 
The  head  is  large,  2  to  3  mm.  in  diameter.  There  is  no  neck. 
The  segments  very  soon  become  wider  than  llu'  head,  attain  a 
maximum  width  near  the  middle  of  the  wdrin.  ,uh1  gradually 
narrow  posteriorly  from  the  middle.  The  last  segments  are  often 
sterile.  Eggs  65  by  80  ^^  in  diameter.  The  worm  is  usually 
present  in  large  numbers,  even  iumdreds,  and  in  one  case  a  bas- 
ketful is  said  to  have  been  removed  from  a  horse  which  had 
become  i)aralyzed  and  anemic.     The  worm  occurs  in  the  cecum 
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quite  unusual  sites  for  tapeworms  of  mammals),  and  is  credited 
with  causing  pathological  conditions,  sometimes  severe.  A  recent 
record  of  the  sort  is  that  of  Ferreira  and  Horta  (1917),  who 
report  from  Lisbon,  Portugal,  an  extensive  rupture  of  the  prox- 
imal part  of  the  floating  colon  in  a  2-year-old  horse,  the  area 
adjoining  the  rupture  being  inflamed  and  ecchymotic  and  the 
rupture  aperture  and  the  abdominal  cavity  containing  a  large 
number  of  specimens  of  .Inoplocepliala  pcrfoliata,  which  they 
regard  as  partly  responsible,  at  least,  for  the  pathological  con- 
dition. 

American  records.  We  do  not  recall  or  find  any  records  of 
this  parasite  from  this  continent.  Stiles  and  Hassall  (1894)  re- 
port specimens  of  this  worm  in  the  collection  of  the  U.  S.  Bureau 
of  Animal  Industry,  but  these  specimens,  like  those  of  Anoplo- 
cephala  mamillana,  were  collected  by  Hassall  in  London.  Koon 
(1913)  reports  tapeworms  from  the  small  intestine  under  the 
title  of  "Tania  perfoliata  a  plenty,"  but  we  regard  these  worms 
from  the  small  intestine  as  probably  .-inoplocepliala  magna;  the 
title  of  the  article  may  have  been  supplied  in  a  casual  way. 

Anoplocephala  magna  (Abildgaard,  1789)  Spengel,  1905. 

This  is  a  large  worm,  9  to  80  cm.  long.  The  head  is  very 
large,  4  to  6  mm.  in  diameter,  with  cup-like  suckers,  directed  for- 
ward, and  with  grooves  around  the  head  posterior  of  the  suckers 
and  at  right  angles  to  the  long  axis  of  the  strobila.  There  is  no 
neck.  The  segments  increase  in  width  until  considerably  larger 
than  the  head  and  then  usually  diminish  posteriorly.  The  eggs 
are  50  to  60  f.i  in  diameter.  This  is  said  to  be  the  rarest  of  the 
tapeworms  of  the  horse  in  Europe.  So  far  as  we  have  informa- 
tion, exactly  the  opposite  is  the  case  here,  as  this  is  apparently  the 
commonest  of  the  tapeworm  species  in  the  American  horse. 
This  worm  has  been  supposed  to  give  rise  to  intestinal  disturb- 
ances or  anemia  at  times.  It  occurs  usually  in  the  small  intes- 
tine, rarely  in  the  stomach. 

American  records.  This  worm  was  reported  by  Stiles  and 
Hassall  (1894)  as  represented  in  Leidy's  collection  by  material 
collected  in  Philadelphia  by  Zuill.  Kinsley  (1910)  reports  the 
occurrence  of  two  specimens  of  this  worm,  under  the  name  of 
Tccnia  plicata,  from  a  colt  in  St.  Clair  county,  Missouri,  and  gives 
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an  excellent  photograph  of  the  worms.  He  states:  "Infesta- 
tions with  the  Tccnia  pcrfoliata  and  iiiantillaiia  have  been  reported 
from  some  localities  in  the  United  States,  but  the  writer  has  been 
imable  to  find  any  authentic  report  of  the  observation  of  tseniasis 
produced  by  infestation  with  the  Tcvnia  pUcata  in  America." 
Maxfield  (1915)  has  reported  the  occurrence  of  large  numbers 
of  these  tapeworms  from  a  horse  at  Tama,  la.,  and  later  (Max- 
field,  lOlT)  reported  collecting  a  half  bushel  of  "tapeworms" 
(possibly  Anoplocephala  magna)  from  another  horse  at  this 
place,  the  worms  being  apparently  from  the  small  intestine. 
Koon  (1913)  states  that  he  collected  a  gallon  pail  full  of  tape- 
worms from  the  small  intestine  of  a  4-year-old  horse  at  Kingsley, 
Iowa.  The  title  identifies  these  as  Tccnia  pcrfoliata,  but  the  site 
of  infestation  indicates  that  they  were  probably  .hwploccphala 
magna.  Kinsley  (1915)  has  also  reported  Maxfield's  case  (as 
T.  plicata^ Anoplocephala  magna),  and  another  case  where  a 
colt  at  Davenport,  Nebraska,  was  found  to  have  32  specimens  of 
this  worm.  Kinsley  states  that  these  last  two  cases  are  the  third 
and  fourth  reported  to  him  that  year,  so  that  two  other  cases 
must  be  added  to  his  detailed  records.  Some  of  Kinsley's  speci- 
mens were  examined  by  one  of  us  (Hall)  in  the  Bureau  of  An- 
imal Industry,  and  at  that  time  other  specimens  already  in  the 
collection  of  the  Bureau-of  Animal  Industry  were  examined  and 
found  to  consist  of  material  from  Ames,  Iowa,  and  Madison,  Wis- 
consin. A  year  later,  Kinsley  (1916)  reports  Tccnia  plicata  from 
the  horse  at  Sabetha,  Missouri,  noting  that  the  collector,  Dr. 
Edward  G.  Lahr,  "removed  about  three  gallons  of  them  from 
the  large  intestines  of  a  horse."  This  is  an  enormous  amount  of 
tapeworms.  The  site  of  infestation,  the  large  intestine,  is  one 
from  which  this  tapeworm  has  never  been  reported  to  our 
knowledge,  and  casts  a  certain  doubt  on  the  accuracj'  of  the  iden- 
tification. It  is  regrettable  that  such  an  unusual  occurrence  was 
not  reported  with  more  detail.  In  comment,  Kinsley  states: 
"These  worms  are  reported  in  veterinary  literature  to  be  rare,  but 
a  number  of  alumni  have  reported  them  this  year."  This  covers 
an  indclinitu  number  of  cases,  that  cannot  be  readily  incorporated 
in  a  summary.  Stromlund  (1918)  has  reported  3  tapeworms, 
2  to  3  inches  long  (probably  Anoplocephala  magna)  from  a  foal 
at  Sloan,  Iowa. 
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It  appears  then  that  this  worm  has  been  found  in  the  United 
States  in  over  13  cases  from  Pennsylvania,  Missouri,  Iowa, 
Nebraska  and  Wisconsin.  Stewart  (1917)  refers  to  the  occur- 
rence of  the  worm  in  Southern  Texas,  but  we  do  not  find  a  ref- 
erence to  cases.  In  all  probability,  there  are  other  records  that 
have  not  come  to  our  attention. 

The  life  history  is  not  known  for  any  of  the  tapeworms  of 
the  horse. 

The  tapeworms  of  the  horse  can  be  identified  by  the  use  of 
the  following  key : 

Key  to  the  tapeworms  of  the  horse. 

1.  Head  large,  4  to  6  mm.  in  diameter.  Entire  strobila  com- 
monly not  more  than  8  cm.  long.  In  small  intestine  and 
stomach,  Anoplocephala  magna. 

Head  not  over  3  mm.  in  diameter.  Entire  strobila  not  over  8  cm. 
long;  usually  not  over  5  cm.  long,  3. 

3.  Head  2  to  3  mm.  in  diameter  and  with  the  suckers  prolonged 
posteriorly  in  rounded  lobes.  In  ileum  and  large  intestine, 
Anoplocephala  perfoliata. 

Head  less  than  1  mm.  in  diameter;  suckers  and  apertures  elon- 
gated parallel  to  the  long  axis  of  the  worm  and  without 
posterior  lobes.  In  small  intestine  and  stomach,  An- 
oplocephala maniillana. 

SUMMARY. 

Anoplocephala  mamillana,  said  to  be  the  commonest  of  the 
tapeworms  of  the  horse  in  Europe,  is  reported  from  the  horse  in 
Michigan,  the  first  definite  record  from  the  United  States  of 
which  we  are  aware.  Anoplocephala  perfoliata  has  never  been 
reported,  correctly,  from  the  horse  in  the  United  States,  so  far  as 
readily  available  references'  show.  Anoplocephala  magna,  said 
to  be  the  most  rare  of  the  tapeworms  of  the  horse  in  Europe,  is 
the  commonest  of  the  three  species  in  this  country  and  has  been 
found  in  more  than  12  cases. 
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BRAZILIAN  JALAP  AND  SOME  ALLIED  DRUGS. ''^ 

By  Oliver  Atkins  Farwell. 

{Department  of  Botany,  Parke,  Davis  &  Co.,  Detroit,  Mich.) 

In  the  Pharmaceutical  Journal  for  November  27,  1915,  Mr. 
E.  M.  Holmes  described  a  root  known  as  Brazilian  Jalap,  which 
he  refers  to  the  Piptostegia  Pisonis  Mart.  This  species  was  de- 
scribed by  Martius  in  his  Systema  Materia  Mcdica  Braziliensis, 
page  78,  in  1843.  In  addition  to  this  and  the  typical  species, 
P.  Operculata  Reichb.,  Martius  described  and  listed  P.  Gomesii. 
In  the  Flora  Braziliensis  Meisner  reduced  the  latter  to  the  limbo 
of  synonymy,  placing  it  under  Operculina  Convolvulus  but  made 
no  mention  of  P.  Pisonis;  since  this  so-called  species  was  not 
mentioned  in  the  Flora  Braziliensis,  the  inference  to  be  drawn 
therefrom  is  that  it  was  thought  to  be  invalid,  just  a  synonym  of 
0.  Convolvulus.  At  different  times  this  species  has  been  in- 
cluded under  Convolvulus  or  Ipomoea,  but  at  present  it  is  con- 
sidered to  constitute  a  genus  distinct  from  either,  the  oldest  name 
for  which  is  Operculina.  If  my  deductions  as  above  outlined  are 
correct  the  proper  binomial  for  the  Brazilian  Jalap  is  Operculina 
macrocarpa  (Linn.)  Urban.  The  names  under  which  this  drug  is 
commonly  known  in  Brazil  are  Batata  de  Purga  and  Batata  pur- 
gante.  Tapioco  de  Purga  is  a  product  derived  from  the  root. 
The  generic  characters  of  Operculina  are  the  pear-shaped  calyx, 
large  imbricated  sepals  chartaceous  in  fruit,  broadly  campanulate 
corolla  tube,  and  the  twisted  anthers.  The  plant  is  a  climbing 
shrub  with  winged  stems,  palmately  3-7-divided  leaves,  peduncles 
about  as  long  as  the  leaves  and  white  campanulate  flowers.  Mr. 
Holmes  described  the  root  as  follows  : 

"The  root  occurs  in  commerce  in  the  form  of  transverse  cir- 
cular  sections  averaging  about   lJ/2-2   inches   in   diameter,   and 
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about  y^  inch  in  thickness,  marked  with  several  concentric  rings, 
and,  save  for  its  pale  grayish  brown  tint  and  the  presence  of 
numerous  dots  of  translucent  pale  resin  on  the  surface,  bears 
considerable  resemblance  to  White  Bryony  root." 


lian  J.iUp  ami  Some  Allied  PniR^ 


An  effort  was  made  to  obtain  a  small  supply  of  tlie  root  ;  in 
due  course  of  time  it  was  procured  from  London.  It  agreeil  in 
all  points  with  the  description  ciuoled  above.  \Vc  may  add,  how- 
ever, that  it  has  a  thin  dark  brown  or  blackish  brown  cork,  the 
surface  is  not  fiiirous.  and  that  the  phla-ni  and  cambium  are 
shrunken  below  the  surface  of  the  /yhim  and  cortex  ;  llirit  its  re- 
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semblance   to   the   cross-sections   of    Mexican    Scammony   or   of 
Poke  is  as  equally,  if  not. more,  pronounced  as  to  that  of  White 
Bryony. 

The  root  probably  is  a  large  tuberous  root  and  is  composed 
chiefly  of  soft  tissues.  The  cambium  forms  complete  circles  and 
together  with  the  phlcem  are,  in  the  commercial  drug,  noticeable 
as  dark  concentric  circles  shrunken  a  little  below  the  level  of  the 
surrounding  tissues.  In  the  sections  observed,  the  tissues  were 
all  of  secondary  growth ;  that  is,  spiral  or  annular  tracheae  usually 
associated  with  primary  meristem  could  not  be  detected.  The 
center  of  the  root  in  the  smaller  sections  is  nearly  solid  zylum, 
there  being  four  narrow  strands  of  secondary  cortex,  thus  mak- 
ing the  structure  of  the  root  a  tetrarch.  The  larger  sections  are 
very  similar  but  may  have  less  xylum  and  more  cortex.  The 
cambium  of  the  collateral  bundles  soon  ceases  its  activity  and  the 
cortex  gives  rise  to  another  meristematic  region  beyond  the 
phloem,  and  this  operation  is  continued  repeatedly,  producing  in 
this  unusual  way  its  growth  in  thickness.  The  xylum  forms  a 
very  small  bundle  of  few  vessels  and  these  are  rather  widely 
separated,  forming  an  interrupted  circle  with  wide  spaces  be- 
tween the  bundles.  The  medullary  ray  is  usually  one  cell,  some- 
times two  cells,  in  width.  The  vessels  of  the  bundle  are  retic- 
ulated tracheae,  often  0.13  mm.  in  diameter  with  walls  0.008  mm. 
thick,  and  these  constitute  the  greater  portion  of  the  strengthen- 
ing tissue  of  the  root ;  tracheides  and  wood  fibers  are  frequent  in 
the  central  circles  but  absent  or  only  occasional  in  the  outer  ones. 
Rosette  crystals  of  calcium  oxalate  are  frequent  just  internal  to 
the  cork,  scattered  through  the  cortex,  and  form  crystal  fibers 
close  to  the  xylum.  Starch  is  present  only  in  a  very  small 
amount ;  the  grains  are  simple  and  range  from  0.002  mm.  to 
0.024  mm.  in  diameter.  Bast  fibers  are  absent  or  at  least  were 
not  detected ;  but  most  of  the  bast  parenchyma  and  some  of  the 
cells  of  the  medullary  rays  and  secondary  cortex,  while  retaining 
comparatively  thin  walls,  are  stained  brown  with  chloro-iodide- 
of-zinc,  indicating  suberization  or  cutinization.  The  cells  of  the 
cortex  are  more  or  less  polygonal  and  average  about  0.044  mm. 
in  diameter,  the  walls  are  thin  and  the  air  space  between  the  cells 
is  very  small.  The  cork  layer  is  about  0.123  mm.  thick,  and  is 
composed  of  a  series  of  thin-walled,  more  or  less  tabular  cells 


(0.008  mm.  by  0.0-18  mm.)  only  the  outermost  series  having 
thickened  cell  walls.  The  tracheides  average  about  0.44  mm.  in 
length,  0.026  mm.  wide,  and  have  a  wall  about  0.003  mm.  in 
thickness.  The  wood  fibers  have  oblique  pores  and  range  from 
0.62-0.78  mm.  in  length,  0.013-0.020  mm.  wide,  and  have  a  lumen 
varying  from  1/5-3/4  the  width  of  the  fiber. 

RESINA   DRASTICA. 

The  drug  that  has  come  to  us  under  this  name  is  of  unknown 
origin.  It  comes  in  both  transverse  and  longitudinal  sections  of 
the  root,  the  color  is  a  dirty  brown  or  dark  grayish  brown,  much 
darker  than  the  Brazilian  Jalap.  In  the  cross-sections  the  wood 
strands  project  as  much  as  2  mm.  beyond  the  surface,  giving  a 
rough  fibrous  aspect  to  the  section ;  the  bundles  are  irregularly 
scattered  through  definite  concentric  zones.  In  the  longitudinal 
sections  the  strands  appear  on  the  surfaces  as  smooth  ridges  in 
more  or  less  parallel  but  interrupted  lines  and  frequently  extend 
beyond  the  end  of  the  section  as  coarse  fibers  up  to  3  cm.  in 
length  and  3  mm.  in  thickness.  From  the  general  resemblance 
of  this  root  to  that  of  Brazilian  Jalap  and  to  that  of  Mexican 
Scammony,  I  would  hazard  the  guess  that  it  is  from  some  plant 
closely  allied  to  them  and  consequently  from  the  morning  glory 
family,  the  ConvolviilacecE. 

W.  L.  Scoville,  who  is  working  out  the  chemistry  of  the  drug, 
has  informed  me  that  in  so  far  as  he  can  tell  from  the  limited 
amount  of  work  he  has  been  enabled  to  give  to  it,  it  does  not 
differ  materially  from  the  resin  of  Mexican  Scammony  except 
in  its  yellow  color.  Under  the  microscope  the  root  structure 
differs  from  the  Brazilian  Jalap  in  having  no  rosette  crystals  or 
crystal  fibers,  in  having  a  superabundance  of  starch,  the  grains 
being  of  a  more  uniform  size  of  from  0.013  mm.-0.018  mm.,  the 
vessels  being  chiefly  of  the  pitted  type,  wood  fibers  are  plentiful 
and  there  is  some  bast  fiber.  In  Brazilian  Jalap,  oil  with  refrac- 
tive inclusions,  perhaps  oleoresin,  was  scarce  and  where  present 
was  arranged  in  masses,  rather  than  in  drops,  in  longitudinal 
lines,  mostly  in  connection  with  the  medullary  ray  cells ;  but  most 
of  the  cells  of  the  samples  I  had  for  examination  were  empty, 
while  on  the  other  liand  in  the  Resina  Drastica  .sani])les  the  cells 
were  well  filled  with  the  i)roducls  of  mclabolism,  and  as  in  the 
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case  of  the  starch  there  was  a  superabundance  of  large  drops  of 
oil  with  its  inclusions  throughout  the  cortex.  Wood  fibers  in  this 
drug  measure  for  the  most  part  from  0.704  mm.  to  0.892  mm.  in 
length,  about  0.02  to  0.03  mm.  wide,  the  lumen  being  about  J^ 
the  width  of  the  cell. 

MEXICAN   SCAMMONY. 

This  drug  is  derived  from  the  large  tuberous  roots  of  Ipomcsa 
Orizabensis  (Pell)  Ledenois  and  is  also  known  as  Male  or  Ori- 
zaba Jalap.  It  resembles  very  closely  the  drug  described  above 
as  Resina  Drastica,  but  is  somewhat  lighter  in  color,  extremes 
being  as  light  on  one  hand  as  the  Brazilian  Jalap  and  as  dark  on 
the  other  as  Resina  Drastka;  it  is  as  fibrous  as  the  latter  but  the 
strands  usually  are  finer,  sometimes  longer,  more  numerous,  and 
arranged  more  regularly  in  concentric  circles  or  zones.  Under 
the  microscope  it  differs  in  no  tangible  way  from  the  Resina 
Drastica.  The  resin  obtained  from  this  is  black;  whether  or  not 
the  difference  in  the  colors  of  the  resins  of  this  and  of  the  Resina 
Drastica  can  be  correlated  with  specific  difference  in  the  plants 
producing  them  can  not  now  be  determined. 
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OZENA  AND  DISTEMPER:    COMPARATIVE  STUDY  OF 

COCCOBACILLUS  FOETIDUS-OZAENAE  AND 

BACILLUS  BRONCHISEPTICUS. 

N.  S.  Ferry  and  Arlyle  Noble. 

(From  the  Research  Laboratory  of  Parke,  Davis  &  Company,  Detroit,   Michigan.) 

The  question  of  the  relationship  of  ozena  to  distemper  has 
been  frequently  discussed,  both  in  print  and  otherwise.  Many 
observers  consider  the  dog  a  carrier  of  an  organism  common  to 
both  diseases ;  and  the  patients  themselves  are  often  of  the  same 
opinion  as  they  will  frequently  volunteer  information  bearing  on 
their  association  with  dogs,  special  emphasis  being  laid  on  a  co- 
incident infection  of  the  animal  with  distemper  some  time  in  the 
early  part  of  the  disease. 

Perez  (1913)  carried  out  some  experimental  work  along  this 
line  and  suggested  that  the  infection  in  ozena  probably  originates 
from  dogs,  and,  as  a  result  of  his  work,  cultures  from  these 
animals  were  included  in  an  ozena  vaccine  upon  which  Hofer 
and  Kofler  (1914),  collaborators  of  Perez,  were  experimenting. 

Horn  and  Victors  (1916)  in  this  country,  considering  Cocco- 
bacillus  fostidus-oscEfKE  (Perez)  as  the  principal  etiological 
factor  in  ozena  and  Bacillus  bronchisepticus  (Ferry)  as  the  cause 
of  distemper,  have  even  attempted  to  prove  a  relationship  be- 
tween the  above  mentioned  organisms  and  claim  to  have  found  a 
positive  complement  fixation  between  them.  The  question,  how- 
ever, was  left  in  rather  an  unsettled  condition,  as  may  be  seen  by 
the  following  statement  made  by  them  : 

"Bacillus  bronchisepticus,  exhaustively  studied  by  Ferry,  M'Gowan, 
Torrey  and  Rahe,  and  determined  by  them  as  being  the  specific  organism 
of  canine  distemper,  morphologically  almost  identical  and  biologically  in 
many  instances  similar  to  the  Perez  organism,  and  the  advanced  hypothesis 
that  the  infection  of  fetid  ozena  is  carried  by  dogs,  presents  an  interesting 
complex." 


It  is  not  the  province  of  this  paper  to  discuss  nor  to  attempt 
to  offer  any  proof  pro  or  con  as  to  the  etiology  of  distemper  in 
the  dog  or  of  ozena  in  the  human  subject  (that  phase  of  the  ques- 
tin  having  been  taken  up  by  the  several  authors  elsewhere)  ;  but 
rather  to  attempt  to  answer  the  question  as  to  the  relationship  of 
Perez'  organism  to  B.  bronchisepticus.  which  has  been  so  sig- 
nificantly brought  forward  by  Horn  and  \'ictors. 

If  Perez'  bacillus  is  the  cause  of  ozena,  and  it  is  demon- 
strated to  be  the  same  as,  or  closely  related  to,  D.  bronchisepticus, 
an  extremely  important  point  has  been  established  and  its  bearing 
on  the  prophylaxis  and  management  of  ozena  can  hardly  be  esti- 
mated at  the  present  time,  since  distemper  is  most  widely  distrib- 
uted among  dogs  and  other  small  animals,  especially  laboratory 
animals,  such  as  the  rabbit  and  guinea-pig.  Accordingly,  the  au- 
thors, using  several  typical  strains  of  both  organisms,  have  carried 
on  a  large  number  of  comparative  morphological,  cultural  and 
serological  tests  in  an  attempt  to  determine,  if  possible,  the  char- 
acteristics common  or  perhaps,  to  be  more  exact,  not  common  to 
both  organisms. 

For  the  morphological  and  cultural  characteristics  of  B  bron- 
chisepticus those  originally  published  by  one  of  us  (Ferry,  1910, 
1911)  and  corroborated  by  M'Gowan  (1911)  and  Torrey  and 
Rahe  (1913)  are  taken  as  characteristic;  and  for  Coccobacillus 
fatidus-ozcena  only  those  described  by  Ward  (1917)  are  con- 
sidered, as  they  apply  directly  to  the  strains  under  discussion  in 
this  work.  Unfortunately,  there  does  not  seem  to  be  a  unanim- 
ity of  opinion  among  writers  relative  to  all  reactions  of  this 
organism.  The  (jucstion  of  motility  seems  to  be  still  undecided. 
The  four  strains  under  discussion,  however,  were  found  by  the 
authors  to  be  motile,  although  not  so  progressively  active  as  B. 
bronchisepticus.  In  this  instance  the  authors  do  not  agree  with 
Ward,  who  claims  that  the  European  strains  are  non-motile. 

SUMMARY  OF  CUI.TtlRAL  REACTIONS. 

1.  B.  octencc  may  be  readily  differentiated  from  B.  bronchi- 
septicus by  any  one  of  the  following  reactions:  by  growth  on 
potato,  on  LoelTler's  blood  serum  and  in  litmus  milk,  by  the  fer- 
mentation reaction  in  glucose  nicdi.-i  and  by  the  indol  reaction  in 
Dunham's  solution. 


3.  Less  important  differentiating  characteristics  are  found  in 
morphology,  motihty.  colony  formation  and  odor. 

Differentiating  cultural  characteristics 


Morphology 

Motility 

Colony 

Loeffler'e  blood  serum 

Potato 

Plain  broth 

Litmus  milk 

Dunham's 

Fermentation 
Glucose 


PBRBZ    BACILLUS 


Small  coccoid  bacillus, 
no  filaments 

Sluggish 

Old  colony,  lobate 

No  proteolysis,  cream  to 
greenish  yellow 

Limited,  faintly  yellow 

Uniform  turbidity,  char- 
acteristic nauseating 
odor 

Small  amount  of  acid 

Indol  positive 

Acid — gas 


BBONCHISBPTICUS 


Small  narrow  bipolar  ba- 
cillus. Filaments  in  liq- 
uid media 

Active 

Round,  entire 

No  proteolysis,  old  cul- 
tures tan  color 

Spreading,  tan 

Uniform  turbidity,  odor 
of  stale  bread 

Decided  alkalinity 
Indol  negative 

Alkaline — no  gas 


AGGLUTIXATION  REACTIONS  WITH  B.  BRONCHISEPTICUS  AND  PEREZ 
BACILLUS. 

Rabbits  have  been  treated  with  vaccines  of  the  following  cul- 
tures of  B.  bronchisepticus  and  Perez'  Bacillus  and  the  sera 
obtained  for  the  purpose  of  making  cross-agglutination  tests 
between  these  two  organisms. 

B.  bronchisepticus  no.  3i(i,    from  dog  '^ 

B.  hronchisefiticus  no.  123.  from  monkey  |-   Isolated  by  N.  S.  F. 

B.hronchxsef'ticHS  from  human     ) 

Perez'  Bacillus  no.  1 Isolated  by  Ward 

Perez'  Bacillus  no.  2,  "Hofer"  strain     )  ^ 

T,        . -n     -11  1  inr-  .,   i     ■      ;-   turopean  strains 

Perez  Bacillus  no.  3,    Vienna    strain  ] 

Perez'  Bacillus  no.  4 Isolated  by  Ward 

Vaccines.  Each  organism  was  transplanted  daily  for  several 
days  on  plain  agar;  then  twenty-four-hour  growths  were  washed 
off  in  0.85  per  cent  salt  solution  plus  0.2  per  cent  trikresol  (5  cc. 
per  culture).  Each  vaccine  was  thoroughly  shaken  in  a  mechan- 
ical shaker  and  two  days  later  tested  for  sterility. 

Production  of  antiscra.  Before  the  rabbits  were  injected  each 
■was  bled  from  an  artery  in  the  ear  and  the  serum  tested  for 
agglutinins  against  both  B.  broncliiscpticns  and  Perez'  Bacillus. 


■No  rabbit  showed  an  agglutination  titre  of  above  1  in  20  against 
either  organism. 

Each  rabbit  received  three  intravenous  injections  of  0.5,  1.0 
and  2.0  cc.  of  kihed  vaccine  three  days  apart,  and  was  bled  to 
death  on  the  fourth  day  after  the  last  dose.  To  the  sera  was 
added  0.2  per  cent  trikresol. 


sEnui 

stTuIpVmi 

DN^o"'" 

D  WITH  B.  BR0NCBI3EPT1CU3    NO.  33  (DOQ). 

OIL.T.ONS 

B 

bronchiatpli 

U. 

Perez'  Bacillus 

No.  36 
(dog) 

No.  123 
(monkey) 

Human 

No.  1 

No.  2 

No.  3 

No.  4 

1-10 

+  +  + 

+  +  + 

+  +  + 

_ 

_ 

_ 

_ 

1-20 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

- 

1-10 

+  +  + 

+  +  -1- 

+  +  + 

- 

- 

- 

- 

1-80 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

- 

1-200 

-I-I--1- 

-+-+-1- 

+  +  + 

- 

- 

- 

- 

1-100 

+  +  -1- 

+  +  + 

+  +  + 

- 

- 

- 

- 

1-800 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

-      • 

1-1600 

+  +  + 

+  +  + 

+  +  -(- 

- 

- 

- 

- 

1-2000 

+  -!--(- 

+  +  + 

+  +  + 

- 

- 

- 

- 

1-3200 

+  +  + 

+  +  + 

+  +  -1- 

- 

- 

- 

- 

1-6400 

+ 

+ 

-)- 

- 

- 

- 

- 

1-10000 

- 

- 

- 

- 

- 

- 

- 

1-20000 

- 

- 

- 

- 

- 

- 

- 

Control 

- 

- 

- 

- 

- 

- 

- 

-I-  +  -I-  =  Complete  agglutination  with  all  organisms  clumped  and  fluid  clear. 
+  +  =  Partial  agglutination,  with  marked  clumping  but  fluid  not  cleared  up. 
+  =  Slight  agglutination  but  still  with  positive  clumping. 
—  =  No  clumping  and  no  clearing. 

Preparation  of  suspensions  for  agglutination  tests.  I'.ach  or- 
ganism was  transplanted  daily,  on  plain  agar,  for  ten  days; 
twcnly-four-hour  growths  planted  on  plain  agar  in  whiskey 
flasks;  incubated  eighteen  hours;  growths  washed  off  in  physio- 
logic salt  solution  plus  0.5  per  cent  formalin.  The  suspensions 
were  shaken  for  two  hours;  two  days  later  tested  for  sterility; 
then  filtered  three  times  through  filter  paper.  Each  was  later 
diluted  with  salt  solution  plus  0.5  per  cent  formalin  to  corre- 
spond in  density  to  our  standard  suspension  of  B.  bronchiscpticus, 
which  contains  about  2,000.000.000  organisms  per  cubic  centi- 
meter. Perfectly  homogeneous  suspensions  of  all  the  strains  used 
were  produced  by  this  method. 
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TAbLE  2 


SERUM  FEO^ 

1  BABBIT  36. 

TKEATEDWI 

HPEBEZ'BACltXCSNO.  1 

AOAINST  aUSPENSlONS  OS 

0,..T.OK, 

Perez' 

Bacillus 

B 

bronchiaepti 

cu. 

No.  1 

No.  2 

No.  3 

No.  4 

No.  36 
(dog) 

No.  123 
(monkey) 

Human 

1-10 

+■+ 

+  +  + 

+  + 

+  + 

+ 

+ 

+ 

1-20 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-40 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-80 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-200 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-400 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-800 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

- 

- 

- 

1-1600 

+  +  + 

+  +  + 

+  +  -1- 

+  +  + 

- 

- 

- 

1-2000 

+  +h 

+  +  + 

+  +  + 

-I-I-  + 

- 

- 

- 

1-3200 

+  +  + 

+  + 

+  +  + 

+  +  + 

- 

- 

- 

1-6400 

+ 

+ 

— 

+  + 

— 

— 

— 

1-10000 

- 

- 

- 

- 

- 

- 

- 

1-20000 

- 

— 

— 

— 

— 

— 

— 

Control 

- 

- 

- 

- 

- 

- 

- 

CBOflS  AaOLUTlNATlOH  TESTS  WITH  B.  BBONCBUnTICCS  A«T> 

PBRSZ'  BAaLLUS. 

SDBFBNSIONS 

ANTUBBA 

B.  brtmchUepticut 

Perw'  Bacilluj 

No.  36 
(dog) 

No.  123 
key) 

Human 

No.l 

No.  2 

No.  3 

No.  4 

B.  bronchisepticus 

„       -.  /Rabbit  32 

N°-    3«  (Rabbit    2 

1-MOO 

I-IOOX) 

1-20000 

1-10000 

- 

- 

- 

- 

[Rabbit  33 

1-6400 

_ 

_ 

_ 

_ 

No.  123  \  Rabbit  34 

1-6400 

- 

- 

- 

_ 

[Rabbit    4 

1-10000 

1-10000 

1-20000 

„           /Rabbits 

="™^lRabbit6 

1-10000 

1-10000 

1-6400 
1-10000 

- 

- 

_ 

- 

Perez'  Bacillus 

„     ,  (Rabbit  36 

1-10 

1-10 

1-10 

_ 

1-6400 
1-6400 

1-6400 

1-3200 

1-6400 

N°-  *  (Rabbit  37 

„      „ /Rabbit  38 

- 

1-10 

1-10000 

1-6400 
1-3200 

1-6400 

1-10000 

N°nRabbit39 

/Rabbit  40 

N°-MRabbit41 

1-10 

- 

- 

1-10000 

1-6400 

1-10000 
1-6400 

1-10000 

„      ,  /Rabbit  42 

1-10 
1-20 

1-20 
1-20 

1-10 
1-20 

1-6400 

1-6400 

1-6400 

1-10000 

N°- ■*  (Rabbit  43 

1  10000 
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Agglutination  tests.  The  serum  was  diluted  with  physiologic 
salt  solution  and  each  tube  contained  0.5  cc.  suspension  plus  0.5 
cc.  diluted  serum.  The  tests  were  incubated  at  37°  C.  and  read- 
ings made  at  the  end  of  twenty-four  hours. 

Tables  1,  2  and  3  show  the  results  of  the  agglutination  ex- 
periments. 

SUMMARY  OF  -AGGLUTINATION   EXPERIMENTS. 

1.  Sera  of  high  agglutination  titre  (1-3500  to  1-10000)  were 
produced  in  rabbits  by  three  intravenous  injections  of  killed  un- 
healed vaccines  of  B.  bronchiscpticus  and  of  Perez'  Bacillus. 

2.  All  the  strains  of  Perez"  Bacillus  used  were  identical  by 
agglutination  test — each  antiserum  agglutinating  all  strains 
equally  well. 

3.  All  strains  of  B.  bronchiscpticus  were  identical. 

4.  There  was  no  cross-agglutination  between  B.  bronchiscp- 
ticus and  Perez'  Bacillus. 

COMPLE.MENT     FIX.VnoN     REACTAONS     WITH     B.     BROXCH ISEPTICUS 
AND  PEREZ'  BACILLUS. 

Complement  fixation  tests  were  made  w  iih  the  same  antisera 
as  used  for  the  agglutination  reactions. 

Technic.  The  volume  of  all  the  compU-nuiit  fixation  tests 
and  all  titrations  was  4.5  cc.  The  method  in  general  was  that 
given  by  Kolmer  in  "Infection,  Immunity  and  Specific  Therapy." 

For  the  hemolytic  .system,  sheep  corpuscles  in  5  per  cent  solu- 
tion (the  blood  was  defibrinated  with  beads,  measured,  washed 
five  times  in  salt  solution,  diluted  back  to  original  volume  and 
5  cc.  of  this  used  in  100  cc.  salt  solution),  rabbit  amboceptor,  and 
guinea-pig  complement  in  a  1  in  'iO  dilution  (scrum  from  at  least 
two  pigs  being  mixed)  were  used.  The  amboceptor  was  titrated 
daily  with  each  complement  and  corpuscle  suspension,  and  that 
amount  which  showed  just  complete  hemolysis  in  one  hour  at 
37°C.  was  taken  as  the  unit.  In  the  tests  one  and  a  half  times 
the  unit  was  used. 


:!3l 

Each  antigen  was  titrated  for  its  anticomplenientar\'  and  its 
antigenic  unit.  In  the  tests,  one-half  to  one-fourth  the  anti- 
complementary unit  was  used. 

Each  antiserum  was  tested  to  determine  the  smallest  amount 
which,  with  its  homologous  antigen,  completely  inhibited  hemoly- 
sis. 

The  test.    Antigen  plus  serum  plus  complement  was  incubated 


r/j^s^rx 

rErc'r" 

BATED  WITH  B.  BRONCHiaBPTICUS  NO.  36  (DOC). 

amoontofseb™ 

B 

bronchiseptic 

u. 

Perei' 

SacilluB 

No.  36  (dog) 

No-  123 
(monkey) 

Human 

No  I 

No.  2 

No.  3 

No.  4 

cc. 

0.1 

C.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.  H. 

C.H. 

0.05 

C.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

C.H. 

0.01 

C.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

C.H. 

0.008 

C.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

C.  H. 

0.005 

C.  I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

C.H. 

0.004 

C.  I. 

Marked  I 

Marked  I 

C.  H. 

C.  H. 

C.H. 

C.H. 

0.003 

C.  I. 

Marked  I 

Marked  I 

C.  H. 

C.H. 

C.H. 

C.H. 

O.O02 

C.  I. 

Slight  I 

Slight  I 

C.  H. 

C.H. 

C.H. 

C.H. 

0.001 

Slight  I. 

C.  H. 

C.  H. 

C.  H. 

C.H. 

C.H. 

C.H. 

Controls : 

Antigen 

C.  H. 

C.  H. 

C.  H. 

C.  H. 

C.H. 

C.H. 

C.H. 

C.  H. 
C.  H. 

No.  H. 

C.  H.  =  Complete  hemolysis. 

C.  I.  =  Comolete  inhibition  of  hemolysis. 


one  hour  at  37°  C. ;  then  amboceptor  and  cells  were  added  and 
incubated  from  one  to  one  and  one-half  hours,  depending  on  the 
antigen  controls.  The  tests  were  then  placed  in  the  ice-chest 
and  read  the  following  morning. 

Antigens.  B.  bronchisepticns  and  Perez'  Bacillus  were  trans- 
planted daily  for  several  days,  then  planted  on  plain  agar  in 
whiskey  flasks;  incubated  for  twenty-four  hours  at  37°C. ;  the 
growths  washed  oiif  in  sterile  distilled  water  (about  50  cc.  per 
flask)  ;  shaken  in  a  mechanical  shaker  for  forty-eight  hours ; 
brought  up   in  a  water  bath   to   56°    C.   and  incubated   at   that 
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temperature  over  night ;  the  antigens  were  then  filtered  tlirough 
asbestos  and  to  nine  parts  of  clear  filtrate  one  part  of  S.."i  per 
cent  salt  solution  plus  5  per  cent  formalin  was  added,  ihe  anti- 
gens were  then  kept  in  the  ice-chest. 

Cross  titrations.  Cross  titrations  were  made  between  the 
several  strains  of  B.  hronchiscpticns,  the  several  strains  of  Perez' 
Bacillus  and  between  B.  bronchiepticus  and  Perez'  Bacillus. 

Each  serum  was  tested  against  each  of  the  seven  antigens  and 
on  the  same  day,  all  the  tests  being  run  parallel. 


SCBO 

MFBOMRABB 

T36.TBt«SDWITHP»RB2 

BAOLUUS  NO.  1. 

iOAI 

NSTANTIG.NS 

or: 

AMOCKT  or  BEEDM 

Perei' 

BacilluB 

B.  bronchiaepticaa 

No.  1 

No.  2 

No,  3 

No.  4 

No.  36 
(dog) 

No  123 
(mon- 
key) 

Human 

0.01 

C.I. 

C.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.  11. 

0.05 

C.  I. 

C.I. 

C.I. 

C.I. 

C.  H. 

C.  H. 

c.  u. 

0.01 

C.  I. 

C.I. 

C.I. 

C.  I. 

C.  H. 

C.  H. 

C.H. 

0.008 

C.I. 

C.  I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.  H. 

0.005 

C.I. 

O.I. 

C.  I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

0.004 

C.I. 

C.I. 

C.I. 

C.  I. 

C.  H. 

C.  H. 

C.H. 

0.003 

C.I. 

C.I. 

C.I. 

C.I. 

C.  H. 

C.  H. 

C.H. 

0.002 

Marked  I. 

Marked  I. 

Marked  I. 

Marked  I. 

C.  H. 

C.  H. 

C.H. 

0.001 

Slight  I. 

C.  H. 

Slight  I. 

C.  H. 

C.  H. 

C.  H. 

C.H 

Controle: 

Antigen 

C.  H. 

C.  H. 

c.  n. 

C.  H. 

C.  H. 

C.  H. 

C.H. 

C.  H. 
C.  H. 

Hemolytic 

Corpuscle 

NoH. 

Tallies  1,  T)  and  (i  show  the  results  nf  the  complement  fixation 
tests. 


SUMMARY   OF   COMPLEMKNT    FI.XATION    TEST."^. 

1.  .Sera  of  liigh  complement-fixing  litre  were  prnduced  in  raii- 
bits  by  three  intravenous  injections  of  killed  unlitatcd  susjiensions 
of  B.  bronchisepticus  and  Perez'  Bacillus. 

2.  The  four  strains  of  Perez'  Bacillus  gave  idiniica!  mmple- 
ment  fi.xation  reactions. 
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3.  The  human  and  monkey  strains  of  B.  bronchisepticus  gave 
identical  complement  fixation  reactions,  but  these  two  strains 
cross-fixed  with  the  dog  strain  only  with  larger  amounts  of  serum. 

4.  Immune  sera  of  B.  bronchisepticus  did  not  cross-fix  with 
antigens  of  Perez'  Bacillus. 

5.  Immune  sera  of  Perez'  Bacillus  did  not  cross-fix  with  anti- 
gens of  B.  bronchisepticus. 

TABLE  6 
Cross  complement  fixation  tests  with  B.  bronchisepticus  and  Perez'  Bacillus 


.^^o^.. 

ANTISERi 

B.  bronchiaepticut 

Perez'  Bacillus 

No.  36 
(dog) 

No,  123 
(mon- 
key) 

Human 

No.l 

No.  2 

No.  3 

No.  4 

B    bronchisepticus 

..       „. /Rabbit  32 

^°-    ^^iRabbit    2.  .   .. 

0.002 
0.004 

0.008 
0.05 

0.05 
0.05 

0.005 
0.008 

O.0O3 
0.008 

0.003 
0.005 

0.005 
0.008 

0,003 
0.008 

0,003 
0,005 

0,003 

0,003 
0,003 
0.002 

0.003 
0.003 
0,003 
0,002 

0,003 
0,003 
0,003 
0  002 



f  Rabbit  33  .     . . 

''^■'''[R.miM 

Human 

„          j  Rabbit  5 

Human<  „  , ,  .    „ 

\  Rabbit  6 

Perez'  Bacillus 

No.  1,  Rabbit  36 

No.  2,  Rabbit  38 

No.  3,  Rabbit  40 

No.  4.  Rabbit  42 

0.003 
0,003 
0,003 
0.002 

CONCLUSIONS. 

According  to  the  cultural  reactions  and  the  agglutination  and 
complement  fixation  tests  there  appear  to  be  no  reasons  why 
Perez'  Bacillus  should  be  ccinfused  with  B.  bronchisepticus.  The 
organisms  can  be  differentiated  from  each  other  by  any  one  or 
more  of  the  above  methods. 

The  results  of  Horn  and  Victors  with  the  complement  fixa- 
tion test  have  not  been  corroborated  by  us. 
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Salzer'  has  published  a  study  of  trichinosis  in  which  he  claims 
to  have  secured  beneficial  results  in  man  and  in  experiment 
animals  by  the  use  of  serum  from  patients  recovered  from  the 
disease.  In  this  connection  he  also  claims  that  injections  of  serum 
are  prophylactic  against  trichinosis;  that  animals  fed  with 
infected  meat  within  twenty-four  hours  after  the  administration 
of  the  serum  might  develop  a  mild  form  of  trichinosis,  but  if  fed 
at  a  later  period  would  prove  to  be  immune ;  and  that  if  immune 
serum  was  mixed  with  infected  meat  and  then  fed  to  animals, 
the  animals  did  not  develop  trichinosis,  though  the  ingestion  of 
the  same  meat  without  serum  was  invariably  followed  by  the 
appearance  of  the  disease.  In  two  patients  in  the  active  stages 
of  trichinosis  the  administration  of  the  serum  showed  remarkable 
curative  power;  there  was  a  decided  drop  in  temperature  within 
six  hours  and  the  abnormal  temperature  had  entirely  subsided 
within  twenty-four  hours. 

Schwartz-  has  categorically  taken  up  Salzer's  claims  and 
rejected  them,  largely  on  the  basis  of  animal  experimentation,  in 
the  following  language : 

1.  Serum  from  animals  convalescent  from  trichinosis  when  injected 
into  other  animals  did  not  produce  immunity  to  trichinosis  in  the  latter. 


iSaUer,  B.  F.:    Jour.  Am.  Med.  Assn.,  1916,  67,  579. 
^Schwartz,  Benjamin:    Jour.  Am.  Med.  Assn.,  1917,  69,  884. 
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2.  Trichinous  meat  mixed  with  serum  from  animals  during  tlie  active  or 
convalescent  stage  of  the  disease  proved  to  be  still  capable  of  producing 
the  disease.  3.  Animals  once  infected  and  harboring  trichinae  in  their 
muscles  were  not  immune  to  further  infection  when  fed  trichinous  meat. 
4.  Serum  from  a  trichinous  animal  had  no  observable  ill  effects  on  the 
larvae  freed  from  their  cysts  by  artificial  digestion.  5.  None  of  the 
results  of  the  experiments  appear  to  be  in  harmony  with  the  assertions 
made  by  Salzer  concerning  the  value  of  serum  from  convalescent  animals 
as  a  prophylactic  or  curative  apcnt  in  trichinosis. 

We  have  carried  nut  a  nuinl)er  of  experiments  in  testing  the 
prophylactic  and  cinative  value  of  serum  from  animals  recovered 
from  trichinosis,  and  have  come  to  the  following  conclusions : 
So  far  as  our  experiments  are  comparable  to  those  performed  by 
Schwartz,  our  findings  are  in  agreement  with  his  and  tend  to 
disprove  Salzer's  specific  contentions  along  these  lines,  but  we 
believe  that,  in  spite  of  some  erroneous  contentions,  Salzer  may 
be  right  in  ])art  of  his  assertions  and  the  treatment  he  suggests 
worthy  of  more  approval  than  Schwartz  is  inclined  to  accord 
to  it. 

The  reason  we  both  agree  and  disagree  with  Salzer  and  with 
Schwartz  is  that  there  are  two  phases  of  trichinosis  which  are 
not  ditFerenliated  by  either  of  these  writers,  though  each  stands 
on  good  ground  according  to  the  phase  he  is  considering.  Tri- 
chinosis is  a  disease  due  to  the  presence  in  the  body  of  the  worm 
called  Trichiuclhi  spiralis  (  'rvnliiua  spiralis).  One  phase  of  the 
disease  is  a  mechanical  jiliase.  due  lo  tlu'  presence  and  actions  of 
the  worm  in  the  digestive  tract,  the  blood  stream,  and  the  nuiscu- 
lature.  The  other  ])hase  of  the  disease  is  chemical  in  nature  and 
is  due  to  the  presence  in  the  blood  of  the  more  or  less  toxic 
excretions  and  secretions  of  liie  woim.  The  first  phase  of  the 
disease  sets  up  an  infianimatory  defense  reaction  which  termi- 
nates in  tile  walling-in  and  sealing  of  the  worm  cyst  in  the 
muscles.  The  second  ])hase  of  the  disease  sets  up  the  customary 
antibody  defense  reaction  of  the  blood,  whicli  defense  reaction 
becomes  manifest  in  an  eosinoiihilia  tiiat  may  go  as  high  as  86 
per  cent,  and  wiiich  presumably  terminates  when  the  sealing  of 
the  worm  cyst  prevents  the  excretion  and  secretion  products  from 
reaching  tlie  blood  stream  and  wlien  those  already  present  arc 
netUralized  or  otherwise  (lis|iosi(l  <if  and  icndircd  innocuous  by 
the  blood. 


As  regards  the  first  phase,  in  our  opinion,  serum  has  little  or 
no  power  to  prevent  the  development  of  the  larval  worms  to 
adults  in  the  intestines,  to  prevent  the  embryo  worms  from  in- 
vading the  blood  stream  and  tissues,  and  to  prevent  these  embryo 
worms  from  encysting  and  developing  to  infective  larvae.  The 
experiments  performed  by  Schwartz  and  ourselves  bear  out  this 
contention,  and  so  far  as  Salzer  claims  the  contrary  we  believe 
he  is  in  error. 

The  claim  is  occasionally  made  that  worm  infestations  pro- 
duce immunity  to  subsequent  infestations  with  the  same  worm. 
For  most  worms  there  is  a  great  deal  of  evidence  against  the 
belief  and  but  a  small  amount  in  favor  of  it.  It  has  recently 
been  claimed  by  Fujinami  for  schistosomiasis. 

As  regards  the  second  phase,  there  seems  to  be  no  evident 
reason  why  serum  from  an  animal  that  has  recovered  from 
trichinosis  should  not  be  of  value  in  protecting  another  animal 
from  the  toxic  effects  of  the  secretions  and  excretions  of  the 
worms.  These  materials,  be  they  specific  secretions  or  waste 
products  of  the  worm's  metabolism,  must  act  like  any  other 
foreign  protein  in  the  blood  in  the  production  of  antibodies,  and 
recovery  from  the  disease  represents  not  only  the  survival  of  the 
mechanical  damage  due  to  the  worm,  but  an  adequate  production 
of  antibodies  to  offset  the  deleterious  effc_t  of  these  toxic  pro- 
teins on  the  body  economy.  In  this  connection  it  might  also  be 
ooted  that  while  worm  infestations  in  ge.ieral  are  typically  afeb- 
rile conditions,  trichinosis  in  man  is  t ,  pically  febrile,  and  that 
the  production  of  the  high  tempiiraLures  has  been  attributed  by 
some  workers  to  the  invasion  of  the  tissues  and  blood  stream  by 
bacteria  accompanying  the  worms.  There  is  exactly  the  same 
reason  to  suppose  that  the  serum  of  an  animal  which  has  recov- 
ered from  trichinosis  would  be  of  value  in  supplying  readymade 
antibodies  to  combat  toxic  worm  products,  and  perhaps  accom- 
panying bacterial  products,  in  a  case  of  trichinosis,  as  there  is  for 
believing  that  serums  fronr  immune  animals  are  of  value  in 
diphtheria  or  tetaims.  In  this  respect  we  are  in  agreement  with 
Salzer  as  to  the  probable  value  of  such  a  serum,  and  believe  that 
Schwartz  has  not  attached  enough  importance  to  this  phase  of 
the  sub;^ct. 


EXPERIMENTS. 

In  undertaking  our  experiments  we  first  infected  a  dog  in  order 
to  obtain  a  supply  of  serum.  The  trichinous  pork  for  feeding 
to  start  the  experiments  was  obtained  through  the  kindness  of 
Dr.  B.  H.  Ransom,  chief  of  the  Zoological  Division  of  the  United 
States  Bureau  of  Animal  Industry,  who  has  made  some  notable 
contributions  along  the  line  of  control  of  trichinosis  through  the 
federal  meat  inspection  service.  The  infected  meat  was  fed  in 
small  lots  to  two  dogs,  as  follows : 

Dog  127. — A  mongrel  hound  weighing  11.5  kg.  was  given  2  gm.  of  the 
meat.  Daily  examinations  of  the  feces  for  the  ne.xt  twenty-six  days  did 
not  show  the  passage  of  any  trichinae.  On  the  twenty-sixth  day  the  dog 
was  bled  from  the  jugular  and  then  killed  with  chloroform.  Examination 
of  the  diaphragm  did  not  disclose  any  trichinae.  The  animal  may  have 
had  a  light  infection,  which  was  not  detected,  or  it  may  have  been  im- 
mune to  trichinosis,  as  dogs  are  commonly  resistant  to  the  development 
of  trichinae.  Such  resistance  to  infection  with  species  of  worms  other 
than  those  customarily  found  in  a  given  host  species  seems  to  be  more  a 
matter  of  nice  adaptation  to  host  morphology,  temperatures,  chemical  reac- 
tion of  the  gastro-intestinal  secretions,  and  such  inherent  physical  and 
chemical  conditions,  than  a  matter  directly  related  to  any  of  the  blood 
reactions  commonly  concerned  in  immunity. 

Dog  129. — A  mongrel  weighing  IS  kg.  was  given  3  gm.  of  trichinous 
meat;  twenty-five  days  later  it  was  fed  2  gm.  more;  ten  days  later  it  was 
fed  2  gm.  more;  eleven  days  later  it  was  fed  4  gm.  more;  four  days 
later  it  was  fed  4  gm.  more;  five  days  later  it  was  fed  .S  gm.  more;  six 
days  later  it  was  fed  5  gm.  more ;  eight  days  later  it  was  fed  64  gm. 
more;  a  total  of  89  gm.  of  trichinous  meat.  The  dog  remained  active 
throughout  the  experiment  and  did  not  appear  diseased  or  uncomfortable 
except  for  a  keratitis  hegiiuiing  the  second  day  after  the  first  feeding 
and  disappearing  eighteen  days  later.  The  dog  was  blod  from  the  jugular 
under  chloretone  anesthesia  111  days  after  the  first  feeding  and  forty-two 
days  after  the  last  feeding,  and  the  serum  separated  and  preserved  with 
0.4  per  cent,  trikresol.  The  diaphragm  was  found  to  be  fairly  well  in- 
fested with  trichinae. 

The  animals  used  for  the  tests  of  the  scrum  were  wiiite  rats. 
They  are  easy  to  infect,  but  they  show  little  clinical  evidence  of 
the  disease,  so  that  our  tests  of  efficacy  arc  primarily  a  consider- 
ation of  the  longevity  of  infected  rats  treated  with  serum  in  com- 
parison with  check  animals  similarly  infected  but  not  treated,  all 
animals  being  kejit,  so  far  as  possible,  under  identical  conditions 


of  temperature,  food,  water,  etc.  The  rats  were  run  in  series 
of  two  to  six,  one  or,  more  serving  as  checks,  and  the  others 
receiving  various  treatments. 

We  tried  guinea-pigs  first,  feeding  them  from  the  same  trichi- 
nous  pork  with  which  the  dogs  had  been  fed,  but  experiments 
with  twelve  of  them  showed  that  the  meat  was  but  shghdy  in- 
fective at  this  time  or  the  guinea-pigs  were  resistant,  so  the 
diaphiagm  of  Dog  129  was  used  as  the  initial  infective  material 
and  the  guinea-pigs  dropped  in  favor  of  rats.  The  supply  of 
tricliinous  meat  was  kept  up  by  feeding  dead  experiment  rats  to 
new  experiment  rats.      The  experiments  follow : 

Scries  I. — To  Determine  ll'Iicllier  Serum  Affects  Trichina  Larvae. 

Rat  1  was  fed  10  gm.  of  the  diaphragm  of  Dog  129  and  six  days  later 
was  fed  13  gm.  more.  Thirty-four  days  later  the  rat  received  a  subcu- 
taneous injection  of  1  c.c.  of  the  serum  from  Dog  129.  The  rat  was  killed 
nine  days  later  and  the  muscles  found  infested.  It  was  used  to  infest 
other  rats. 

Rat  2  was  fed  the  same  amounts  at  the  same  time  as  Rat  1.  It  was 
injected  the  same  day,  but  received  2  c.c.  of  serum.  It  died  forty-four 
days  after  the  injection,  and  the  muscles  were  found  infested  and  infec- 
tive for  other  rats. 

This  experiment  only  indicates  that  serum  exerts  no  evident  bad  effect 
on  trichinae  when  used  at  the  interval  and  in  the  amount  given,  the 
trichinae  being  alive  and  infective  for  susceptible  animals. 

Series  2.^To  Determine  the  Effect  of  Simultaneous  Infection  and  Feeding. 

Rat  1  was  fed  1  gmi.  of  meat  from  Rat  1  of  Series  I,  and  was  injected 
at  the  same  time  with  1  c.c.  of  serum.  The  rat  escaped  while  a  tempera- 
ture was  being  taken  and  was  soaked  with  cold  water  before  it  was  cap- 
tured. It  was  found  dead  the  next  day.  Postmortem  examination  showed 
pneumonia.  This  animal  cannot  be  considered  in  determining  the  results 
of  the  experiments. 

Rat  2  was  fed  1  gm.  of  meat  from  Rat  1  of  Series  1,  and  was  injected 
at  about  the  same  time  with  2  c.c.  of  serum.  The  following  day  it  was 
fed  1  gm.  more  of  the  meat.  Two  days  after  this  second  feeding  the  rat 
was  almost  dead,  so  it  was  killed.  The  intestine  was  hemorrhagic  and 
scrapings  showed  numerous  trichinae. 

Rat  3.  the  check,  was  fed  the  same  amounts  and  at  the  same  time  as 
Rat  2,  but  was  given  no  serum.  This  rat  died  either  the  afternoon  of 
the  day  it  was  fed  the  second  time  or  the  following  day.  The  intestine 
was  hemorrhagic  and  showed  numerous  trichinae,  especially  in  the  duo- 
denum. 


In  this  experiment  the  treated  animal  outlived  the  cheek  a  short  time, 
one  or  two  days. 


Scries  S- — To  Test  the  Prophylactic  Value  of  Scrum  Simultaneously 
Injected  or  on  Food. 

Rat  1  \vas  fed  2  gni.  of  trichinous  meat  and  was  injected  at  the  same 
time  with  1.5  c.c.  of  serum.  Eight  days  later  it  was  fed  1  gm.  more.  Forty 
days  after  the  second  feeding  it  was  fed  1  gm.  more.  Six  days  after  this 
last  feeding  the  rat  was  killed.    Tlie  muscles  were  heavily  infested. 

Rat  2  was  fed  the  same  amounts  and  at  the  same  time  as  Rat  1,  but 
the  first  feed  of  trichinous  meat  was  mixed  with  5  c.c.  of  serum  before 
feeding.  In  addition  to  the  feedings  at  the  same  time  as  Rat  1,  this  rat 
was  fed  1  gm.  of  meat  the  day  Rat  1  was  killed.  Four  days  later  it  was 
fed  1  gm.  more;  six  days  after  this  feeding  it  was  fed  1  gm.  more.  Five 
days  after  the  last  feeding  it  was  found  dead.  The  intestine  was  hem- 
orrhagic and  contained  trichinae.  Trichinae  were  abundant  in  the  mus- 
cles. 

Rat  3,  a  check,  was  fed  the  first  two  times  that  the  others  were  fed, 
getting  the  same  amount  of  trichinous  meat.  Two  days  after  the  second 
feeding  the  rat  was  found  dead.  No  trichinae  were  found  in  the  dia- 
phragm or  intestines. 

In  this  experiment  the  rats  receiving  the  scrum  outlived  the  check  rat 
decidedly,  but  it  was  impossible  to  associate  definitely  the  death  of  the 
check  animal  with  the  feeding  of  trichina.  Experiments  show,  however, 
that  neither  the  injection  nor  the  feeding  of  serum  prevented  infection 
with  trichinae. 


Scries  -/ — To   Test   the  Propliylactic  Value  of  Seriiin  Simultaneously 
Injected  or  on  Food. 

Rat  1  was  fed  1  gm.  of  meat  mixed  with  1  c.c.  of  serum.  Additional 
feedings  of  1  gm.  each  were  made  on  the  third,  tenth,  fourteenth  and 
twentieth  days  after  the  first  feeding,  but  no  scrum  was  given  with  these 
feedings.  The  day  after  the  last  feeding  the  rat  was  found  dead.  The 
intestines  were  hemorrhagic  and  the  lungs  pneumonic.  Trichinae  were 
found  in  the  intestines  and  musculature. 

Rat  2  was  fed  the  same  amounts  and  at  the  same  lime  as  Rat  1,  but 
the  first  gram  of  meat  was  mixed  with  2  c.c.  of  serum.  Following  the 
death  of  the  first  rat.  No.  2  was  fed  additional  meat  as  follows:  24  days 
after  the  first  feeding,  0.5  gm. ;  28  days,  1  gm. ;  38  days,  1  gm. ;  45  days, 
2  gm. ;  52  days,  1  gm. ;  57  days,  1  gm. ;  63  days,  1  gm. ;  68  days,  0.5  gm. 
The  rat  died  the  day  after  the  last  feeding.  The  lung  wa-.  pnemiionic 
and  presented  tubercles,  the  nature  of  which  was  not  determined.  There 
were  trichinae  in  the  intestine  and  the  nnisculaturc  showed  a  very  heavy 
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infestation.  Trichinae  were  present  in  the  scalp  mnscles.  the  eye  muscles 
and  in  some  coats  of  the  eye. 

Rat  3  was  fed  the  same  amounts  and  at  the  same  time  as  Rat  1,  but 
received  an  injection  of  1  c.c.  of  serum  when  the  first  gram  of  meat  was 
fed.  This  rat  died  five  days  after  Rat  1.  The  stomach  and  small  intes- 
tine were  hemorrhagic  and  the  lungs  pneumonic.  There  were  trichinae 
in  the  intestine  and  musculature. 

Rat  4  was  fed  the  same  amounts  and  at  the  same  time  as  Rat  2,  but 
received  an  injection  of  2  c.c.  of  serum  at  the  time  the  first  gram  of  meat 
was  fed.  This  rat  also  received  an  additional  0.5  gm.  of  meat  seven  days 
after  the  last  feeding  of  Rat  2.  Ten  days  after  this  feeding  the  rat  was 
found  dead.  This  rat  showed  a  pronounced  edema  of  the  eyelids  and 
the  left  eye  became  purulent  and  blind.  Trichinae  were  found  in  the 
intestine  and  the  muscles  were  heavily  infested. 

Rat  5,  a  check,  was  fed  the  same  amounts  and  at  the  same  time  as 
Rat  1,  but  received  no  serum.  In  addition  it  was  fed  0.5  gm.  of  meat 
four  days  after  the  last  feeding  of  Rat  1,  and  1  gm.  eight  days  after  the 
last  feeding  of  Rat  1.  Two  days  later  the  rat  began  to  develop  nervous 
symptoms.  It  would  fall  to  the  right  side  and  could  hardly  assume  or 
maintain  an  erect  position.  Four  days  later  the  condition  was  more 
marked  and  the  rat  would  roll  over  and  over  to  the  right  unless  restrained 
by  some  limiting  object  on  that  side.  Eight  days  after  its  last  feeding 
the  rat  was  found  dead.  The  intestine  was  hemorrhagic  and  the  lungs 
pneumonic.     Trichinae  were  found  in  the  intestine  and  in  the  diaphragm. 

Rat  6,  a  check,  was  fed  the  same  amounts  and  at  the  same  time  as 
Rat  5.  In  addition  it  was  fed  1  gm.  of  meat  ten  days  after  the  last 
feeding  of  Rat  5.  Eight  days  after  its  last  feeding  the  rat  was  found 
dead.  There  was  a  severe  hemorrhagic  condition  in  the  jejunum,  less 
severe  in  the  duodenum,  and  the  lungs  were  pneumonic.  Trichinae  were 
found  in  the  intestine  and  diaphragm. 

It  will  be  seen  from  the  foregoing  that  the  serum  injected  or  fed 
with  the  trichinous  meat  had  no  evident  prophylactic  value. 

As  regards  the  curative  value  of  the  serum,  as  judged  by  comparative 
longevity  of  the  treated  animals  and  the  checks,  we  find  the  following : 

Two  of  the  treated  animals,  those  receivmg  the  largest  amounts  of 
serum  by  injection  or  feeding,  outlived  both  the  checks,  and  both  the 
checks  outlived  the  other  two  treated  animals,  those  receiving  the  smallest 
amount  of  serum  by  injection  o'r  feeding.  As  the  feedings  were  kept  up, 
the  survivors  in  all  cases  received  larger  amounts  of  meat  than  the  ani- 
mals outlived  by  them.  The  animals  receiving  the  larger  amount  of  serum 
outhved  the  checks  by  totals  of  120  days,  while  the  checks  outlived  the 
animals  receiving  the  smaller  amount  of  serum  by  totals  of  eighty-four 
days.  This  leaves  a  slight  presumption  in  favor  of  the  idea  that  there 
is  some  value  in  the  treatment.  The  severity  of  infestation  in  Rats  2  and 
4  may  be  fairly  associated  with  their  additional  feedings. 
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Series  5. — To  Test  the  Profhylactic  Value  of  SiiiiiilUvieoiis  and 
S  and  4  c.c.  Injections  of  Serum. 

Rat  1  was  fed  2  gm.  of  meat  and  at  the  same  time  was  given  a  subcu- 
taneous injection  of  3  c.c.  of  serum.  Seven  days  later  it  was  fed  2  gm. 
more  of  meat ;  seventeen  days  later,  2  gm.  more ;  twenty-four  days  later, 
1  gm.  more,  and  twenty-nine  days  after  the  first  feeding  was  fed  1  gm. 
more.  Two  days  later  the  rat  was  found  dead.  The  lungs  showed  hepa- 
tized  areas,  the  liver  was  light  colored  and  apparently  degenerated. 
Trichinae  were  found  in  the  intestine,  and  the  diaphragm  was  rather 
lightly  infested. 

Rat  2  was  given  two  feedings  at  the  same  time  that  Rat  1  received 
its  first  two,  and  got  the  same  amounts,  but  was  given  an  injection  of 
4  c.c.  of  serum  at  the  tirrie  of  the  first  feeding.  Seventeen  days  after  the 
first  feeding  it  was  found  dead.  The  lungs  showed  areas  of  hepatization 
and  there  was  some  blood  in  the  intestine.  Trichinae  were  plentiful  in 
the  intestine,  but  the  diaphragm  was  very  lightly  infested. 

Rat  3,  a  check,  was  fed  four  times  at  the  time  Rat  1  received  its  first 
four  feedings,  and  received  the  same  amounts  as  Rat  1.  Five  days  after 
the  last  feeding  this  rat  was  found  dead.  The  lungs  were  pneumonic 
and  the  jejunum  hemorrhagic.  There  were  trichinae  in  the  intestine  and 
the  diaphragm  was  very  heavily  infested. 

While  the  injections  of  large  amounts  of  serum,  3  or  4  c.c,  did  not 
prevent  infestation  with  trichinae  in  Rats  1  and  2,  it  is  nevertheless  in- 
teresting to  note  that  these  rats,  which  had  been  fed  five  times  and  two 
times,  had  very  light  infestation  with  trichinae,  while  the  check  rat,  which 
was  fed   four  times,  had  a  very  heavy  infestation. 

As  regards  longevity,  a  treated  rat  outlived  the  check  nine  days  and 
the  check  outlived  the  other  treated  rat  five  days,  a  margin  in  favor  of 
the  treated  animals. 

Series  6. — To  Test  the  Prophylactic  Value  nf  Injections 
Previous  to  Feeding. 

Rat  1  was  injected  with  1  c.c.  of  serum,  and  fed  1  urn.  cif  luavilx- 
infested  meat  the  next  day.  One  week  after  each  of  these  proceedings, 
the  injection  and  the  feeding  were  repeated.  Five  days  after  the  second 
injection  of  serum  it  was  repeated,  followed  by  the  feeding  of  a  gram  of 
the  meat  the  next  day,  making  a  total  of  three  injcctoins  of  1  c,c.  of 
serum  followed  each  time  by  feeding  1  gm.  of  meat  the  next  day.  Four 
days  after  the  last  feeding  the  rat  was  found  dead.  The  lungs  were 
pneumonic.  A  moderate  number  of  trichinae  were  found  in  the  intestine, 
but  none  in  the  diaphragm  at  that  dale. 

Rat  2  received  the  same  treatment,  as  regards  scrum  and  trichinous 
meat,  that  Rat  1  received.  This  animal  lived  and  enjoyed  good  health 
for  fifty-eight  days  and  was  killed  at  that  time  ti>  permit  of  postmortem 
observations  and  to  close  up  the  experiment.  The  anterior  portion  of 
the  right  lung  presented  tubercles  and  was  adherent  to  the  chest  w,ill  .it 
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this  point.  There  were  no  trichinae  found  in  the  intestine  and  only  a 
very  moderate  number  in  the  diaphragm. 

Rat  3,  a  check,  was  fed  the  same  amount  of  trichinous  meat  at  the 
same  time  as  the  other  rats,  but  was  given  no  serum.  This  rat  died  five 
days  after  the  last  feeding.  The  intestine  was  hemorrhagic  and  heavily 
infested  with  trichinae.  No  trichinae  were  found  in  the  diaphragm  at 
this  time. 

As  regards  longevity,  the  check  outlived  one  treated  animal  by  one 
day,  but  the  other  treated  animal  outlived  the  check  by  thirty-nine  days 
and  was  killed  when  it  had  evidently  outlived  any  danger  from  its  trichina 
feeding  and  apparently  would  have  lived  much  longer. 

As  regards  development  of  trichinae,  the  check  rat  had  a  much  larger 
number  in  the  intestine  than  the  treated  Rat  1 ;  these  two  rats  did  not 
show  somatic  trichinosis,  but  died  too  soon  to  permit  of  conclusions  in 
regard  to  this.  Rat  3  lived  long  enough  to  lose  its  intestinal  trichinosis 
and  had  acquired  a  mild  somatic  infestation. 


SUMM.ARV  OF  EXPERIMENTAL  DATA. 

A  summary  of  the  foregoing  data  on  longevity  shows:  Of 
fifteen  rats,  those  given  the  serum  treatment  outlived  the  checks 
in  nine  cases,  whereas  the  checks  outlived  those  given  the  serum 
in  six  cases.  In  two  cases  the  treated  animals  were  killed  instead 
of  being  allowed  to  die.  The  figures  for  each  series  are  as 
follows : 

Series  2 :  Treated  animal  outlived  the  check  by  one  or  two 
■days. 

Series  3 :  Treated  animals  lived  an  average  of  63.5  days ;  the 
check,  11  days.  Treated  animals  lived  on  an  average  51.5  days 
longer  than  the  check. 

Series  4:  Treated  animals  lived  an  average  of  51.35  days; 
checks,  45.5  days.  Treated  animals  lived  on  an  average  5.75 
days  longer  than  the  checks. 

Series  5 :  Treated  animals  lived  an  average  of  35  days ;  the 
check,  23  days.  Treated  animals  lived  on  an  average  2  days 
longer  than  the  check. 

Series  6 :  Treated  animals  lived  on  an  average  37  (plus) 
days ;  the  check,  18  days.  Treated  animals  lived  on  an  average 
19  (plus)  days  longer  than  the  check. 

Note  the  treated  animals  outlived  the  checks  in  every  series, 
the  total  number  of  days  which  treated  animals  survived  the 
checks  being  SO  (plus). 
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From  ^vhat  we  know  of  antibody  production  it  appears,  then, 
entirely  likely  that  serum  from  an  animal  recovered  from  trichi- 
nosis would  be  of  value  in  combating  the  toxic  features  of  the 
disease.  Our  experiments  seem  to  bear  out  this  idea.  The 
experiments  are  by  no  means  proof  of  the  value  of  the  treatment, 
but  they  are  evidence  which  accords  with  the  theoretic  possi- 
bilities and  with  Salzer's  good  clinical  results  in  two  of  his  cases, 
which  results  deserve  to  be  considered  apart  from  what  appear 
to  be  undemonstrable  claims  in  regard  to  serum  inhibition  of 
trichina  development. 

The  clinical  picture  of  trichinosis  in  rats  is  not  a  well  defined 
affair  as  in  man.  Rats  are  the  habitual  and  normal  hosts  of 
trichinae  and  probably  have  an  inherent  tolerance  for  these 
worms.  Raebiger^  found  no  eosinophilia  in  the  blood  of  trichi- 
nous  rats  and  but  few  eosinophils  around  the  encysted  trichinae, 
though  Opie^  found  eosinophilia  beginning  at  the  end  of  the 
second  week.  Rats  show  little  evidence  of  myalgia,  and  the 
pyrexia  present  in  man  seems  to  be  lacking.  The  day  after  rats 
are  fed  trichinae  there  is  usually  a  marked  fall  of  temperature, 
followed  by  a  rise  to  normal  the  following  day,  or  a  slow  rise  for 
several  days.  Such  data  as  we  have  on  this  point  (temperatures 
were  not  taken  on  Sundays)  show  that  twenty-four  hours  after 
feeding  trichinous  meat  without  serum  in  any  form,  the  tem- 
perature dropped  42  times,  an  average  drop  of  1.9  degrees,  and 
rose  19  times,  an  average  rise  of  1.1  degrees.  Where  trichinous 
meat  was  fed  and  serum  injected  at  the  same  time  the  tempera- 
ture dropped  5  times,  an  average  of  0.9G  degree,  and  rose  once, 
1  degree.  Where  trichinous  meat  was  fed  after  being  mixed 
with  serum  the  temperature  dropped  in  both  of  two  cases,  0.3 
and  1.2  degrees.  Where  serum  was  injected  without  trichinous 
meat  being  fed  the  same  day  the  temperature  dropped  4  times,  an 
average  of  0.56  degree,  and  rose  4  times,  an  average  of  0.7  degree. 
The  greatest  fall  of  temperature  followed  by  recovery  was  in  the 
case  of  Rat  1  of  Series  4;  on  the  third  feeding  the  temperature 
dropped  from  99.8  F.  the  day  of  feeding  to  9.'5.5  the  following 
day,  a  drop  of  4.3  degrees,  but  rose  to  99  the  next  day.  The 
greatest  rise  in  temperature  was  in  the  case  of  Rat  4  of  Series  4 ; 


■Raebiger,  S.:     Ztschr.  f.   Inffklionskr.  J.  HautlUrr,   1911.  9.  120 
•Opic,  E.  I,.:     /Im.  Jour.  Mr,l.  Sc,  inns.  1.7,  ^^7. 


on  the  sixth  feeding  the  temperature  rose  from  9T.6  to  101,  a 
rise  of  3.4  degrees. 

The  usual  fall  in  temperature  seems  to  be  associated  with  a 
marked  enteritis.  There  is  usually  blood  in  the  feces  and  rectum 
the  day  after  feeding  trichinous  meat,  a  condition  that  may  visibly 
persist  for  as  many  as  four  days  after  feeding.  Associated  with 
this  is  a  diarrhea  and  more  or  less  gas  in  the  intestine.  Pneu- 
monic conditions  were  rather  common  in  these  rats,  perhaps  due 
to  the  passage  of  embryos  through  the  pulmonary  capillaries. 
The  edema  of  the  eyelids,  which  is  comparatively  common  in 
trichinosis  in  man,  was  only  detected  once  in  our  rats. 

The  fact  that  rats  are  extremely  tolerant  of  trichinae  and  do 
not  present  a  clinical  picture  comparable  to  that  in  man,  and  the 
fact  that  other  experiment  animals  are  open  to  the  same  objection 
(experimental  feeding  to  a  shoat  failed  to  develop  pyrexia, 
though  83  gm.  of  trichinous  meat  were  fed  in  thirty-three  days) 
or  are  open  to  the  objection  that  they  are  difficult  to  infect,  sug- 
gests that  the  value  of  immune  serum  in  trichinosis  can  hardly 
be  ascertained  except  by  clinical  test  on  human  patients.  The 
lack  of  febrile  conditions  in  rats,  or  in  the  shoat  just  mentioned, 
suggests  that  in  these  animals  there  is  an  inherent  immunity  to 
the  second  phase  of  trichinosis,  the  phase  associated  with  toxic 
products  in  the  blood  and  with  antibody  production  against  the 
toxins.  Rats  and  swine  have  presumably  acquired  this  immvmity 
through  ages  of  infestation  and  apparently  suffer  primarily  from 
the  first  phase  of  the  disease,  the  mechanical  phase,  against  which 
no  immunity  could  readily  be  developed.  Man,  in  a  compara- 
tively short  and  limited  experience  in  feeding  on  raw  trichinous 
pork,  has  developed  no  such  immunity  to  the  second  phase  of 
trichinosis. 

In  view  of  the  fact  that  our  present  day  treatment  of  trichi- 
nosis is  mostly  palliative  a:id  symptomatic,  a  serum  treatment 
might  be  of  considerable  therapeutic  value.  Its  commercial 
value  would  be  slight.  The  number  of  cases  of  trichinosis  in 
the  United  States  yearly  is  not  large ;  the  serum  from  one  horse 
which  had  been  properly  immunized  by  feedings  of  trichinae 
would  probably  more  than  supply  treatment  for  all  cases.  Such 
production  could  only  be  profitably  undertaken  by  a  firm  selling 
directly  from  a  central  plant;  it  could  not  be  profitably  under- 
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taken  by  a  firm  with  numerous  branch  houses  to  be  restocked 
yearly. 

SUMMARY   AND   CONCLUSIONS. 

Our  experiments  bear  out  the  conckisions  of  Schwartz  to  the 
effect  that  serum  from  animals  convalescent  from  trichinosis, 
when  injected  into  other  animals  or  fed  to  them  with  trichinous 
meat,  does  not  inhibit  the  customary  development  of  trichinae. 

On  the  other  hand,  theoretic  considerations,  the  clinical  obser- 
vations of  Salzer,  and  the  longevity  data  from  our  experiments 
lead  us  to  the  conclusion  that  such  a  serum  may  be  of  decided 
value  in  combating  the  toxic  features  of  trichinosis,  a  conclusion 
which  is  in  general  agreement  with  Salzer's  belief  in  the  value 
of  such  a  serum. 
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Novocaine,  while  conceded  to  be  somewhat  less  effective  in 
practice  than  cocaine,  has  gained  a  reputation  for  effectiveness 
which,  taken  along  with  its  stability  in  solution  when  heated  to 
sterilize,  its  lower  toxicity,  and  its  freedom  from  habit-forming 
effects,  has  made  it  second  to  none  in  its  general  applicability. 
While  it  is  true  that  most  of  the  defects  of  cocaine  can  be  over- 
come by  one  means  or  another  the  disappearance  of  novocaine 
from  the  market  has  been  generally  regarded  as  a  distinct  loss. 

A  recent  addition  to  the  list  of  local  anesthetics  is  apothesine, 
which  has  proved  to  be  not  merely  a  substitute  for  novocaine  and 
cocaine  but  a  product  worthy  of  closest  investigation.  Unfor- 
tunately, in  a  series  of  experiments  by  Sollmann'  in  which  he 
examined  some  of  the  most  important  local  anesthetics  this 
product  was  passed  over  as  of  minor  importance. 

The  reason  advanced  by  Sollmann  for  reopening  an  investi- 
gation of  local  anesthetics,  namely  "the  wish  to  select  'the  best.'  " 
is  sufficient  reason  for  this  publication,  with  the  added  incentive 
that  while  his  work  is  apparently  comprehensive,  covering  as  it 
does  the  efficiencies  of  a  number  of  substances  by  five  different 
methods  of  valuation,  the  whole  field  is  not  fully  covered,  since 
apothesine  is  included  in  the  tests  of  only  two  of  the  five  series. 

The  first  series  of  his  experiments,  and  the  first  one  appearing 
in  complete  detail,^  is  that  describing  the  comparison  of  a  number 
of  local  anesthetics  on  the  sciatic  nerve  of  the  frog.  One  would 
assume  from  reading  the  first  article  that  apothesine  had  nut 
come  to  the  author's  attention. 
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In  two  subsequent  test-nietliHcls,  however,  it  is  included — in 
the  cornea  test  and  in  the  intracutaneous  test.  Based  on  the 
results  obtained  by  the  first  of  these  two  methods  he  conckided 
that  novocaine  and  apothesine  are  inefficient  relatively  to  cocaine, 
although  apothesine  is  100  per  cent  more  active  than  novocaine. 
In  the  intracutaneous  test  his  results  would  indicate  that  novo- 
caine is  fully  equal  to  cocaine  while  a])othesine  is  only  one-eighth 
as  efficient. 

Since  SoUmann's  c.\perinu-iits  led  him  tn  cdiuiusions  radically 
different  from  those  which  we  have  observed,  the  subject  is 
reopened  to  include  the  comparison  of  ajjothesine  with  other 
anesthetics  by  three  of  the  methods  he  apiilicd  and  to  point  out 
what  are  evidently  errors  in  his  work. 

As  in  SoUmann's  paper,  this  publication  does  not  touch  on  the 
toxicity,  since  there  are  different  interpretations  to  be  placed  on 
results  obtainable  by  almost  any  method.  The  im[)ortant  feature 
in  this  respect  is  that  apothesine  is  only  one-fifth  as  toxic  as 
cocaine  by  subcutaneous  injection  into  guinea  pigs  and  that  in 
relatively  large  doses  no  systemic  effects  have  been  in  evidence. 
Local  irritation,  too,  is  a  clinical  pnililt-m  and  ni.iy  luijically  be 
omitted  from  this  discussion.  ^ 

A'-  to  the  relative  merits  of  the  different  methods  of  examina- 
tion of  local  anesthetics,  this  too  must  be  left  to  the  ultimate 
judgment  of  the  clinician.  The  use  of  a  new  aneslhclio  is 
necessarily  governed  by  its  relative  efficiency,  first  of  all  as 
shown  by  laboratory  tests  but  linally  by  observation  of  its  action 
in  practical  u.se. 

.'\mong  the  laboratDry  tests  that  iiave  been  devised  for  inves- 
tigation of  local  anesthetics  there  are  three,  each  of  which  appears 
tn  li.ive  a  \cry  clirect  bearing  on  the  clinical  .ipplication  of  these 
substances,  namely:  the  intracutaneous,  com])arable  to  infiltration 
anesthesia;  the  nerve  tnmk  anesthesia,  C()m])arable  to  nerve 
blocking  or  conduction  anesthesia;  and  siu'face  anesthesia — the 
nnicous  membrane  of  the  eye,  nose  and  throat  rejiroduced  by 
application  to  the  frog's  foot  or  to  the  cornea. 

If  the  results  of  testing  the  dilVrrmt  Inc.il  .inestiKtics  by  the 
different  methods  agreed  relatively,  this  \\(mld  show  th;il  com- 
parison   by  any    one    of    the    methods    wnuld    give    the    relative 


efficiencies.  That  this  is  not  true,  however,  is  apparently  shown 
by  observing  the  varying  ratios  obtained  by  both  Sollmann  and 
ourselves.  The  laboratory  results  are  therefore  only  suggestive, 
and  do  not  absolutely  demonstrate  the  clinical  value  of  a  local 
anesthetic. 

In  the  following  experiments  the  hydrochlorides  of  each  of 
the  local  anesthetics  tested  were  used  in  every  case,  no  experi- 
ments having  been  conducted  after  neutralization.  Experiments 
with  mixed  anesthetics  were  also  omitted  as  having  no  direct 
bearing  on  the  object  of  the  paper. 


MOTOR    NERVE   ANESTHESIA. 

The  method  most  commonly  used  for  testing  the  value  of  a 
local  anesthetic  where  exact  data  are  desirable,  is  to  apply  the 
anesthetic  to  the  sciatic  nerve  of  the  frog,  the  nerve  being  sep- 
arated at  its  point  of  branching  from  the  spinal  column.  The 
objection  has  been  made  that  this  is  a  determination  of  motor 
nerve  anesthesia  only  and  no  evidence  of  efficiency  on  the  sensory 
nerves.  It  has  been  demonstrated,  however,  that  the  sensory 
nerves  are  the  first  to  be  anesthetized'  and  therefore  a  measure 
of  motor  nerve  anesthesia  is  a  fair  indication  that  the  sensory 
nerves  are  at  least  equally  anesthetized.  Objection  has  also  been 
made  that  this  method  is  very  different  from  the  practical  Use  of 
anesthetics,  but  on  this  point,  too,  there  are  counterbalancing 
reasons  which  give  the  method  practical  value  for  measuring 
anesthetics.  This  test  shows  at  once  the  nerve  blocking  value 
such  as  results  from  subcutaneous  and  subdural  injections,  and 
as  this  is  one  of  the  uses  of  local  anesthesia  its  measurement  is 
of  primarj'  importance.  This  method  also  meets  one  of  the 
requirements  of  physiological  testing  in  its  accuracy  of  measure- 
ment, the  exposed  nerve  can  so  easily  be  irritated  to  determine 
the  degree  of  anesthesia  when  either  the  strength  of  solution  or 
the  length  of  time  is  the  measuring  factor.  The  accuracy  of 
measurement  is  not  affected  by  the  factors  which  may  affect  the 
intracutaneous  method,  one  of  which  is  the  pressure  of  the  solu- 
tion and  another  its  character,  such  an  tonicity,  concentration, 
irritation,  diffusibility. 
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As  a  sole  method  of  valuing  local  anesthetics  it  would  fail  to 
give  a  true  picture,  but  taken  as  one  of  several  methods,  espe- 
cially along  with  that  of  subcutaneous  administration,  the  nerve 
blocking  action  is  undoubtedly  of  primary  inipi)rtance  and 
deserves  especial  consideration. 

This  phase  of  the  subject  has  been  so  thoroughly  covered  by 
other  investigators  that  no  further  description  is  necessary  and 
only  additional  data  or  materially  different  results  furnish  an 
adequate  reason  for  further  publications. 

While  working  with  the  intent  to  verify  or  disprove  Soll- 
mann's  results  the  method  followed  was  varied  to  the  extent  that 
no  work  was  carried  out  with  the  high  dilutions  he  employed, 
these  having  no  practical  bearing  on  the  subject. 

T.MII.K  I. 

Anesthesi.\  as  Shown  bv  Kkspo.n'se  to  Currext  After  Minutes. 

substance  solution  0         s         8       10         13       15       so       26 


Apotbe 
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Table  II. 

Time  in   Minutes   Required  for  Complete  Anesthesia  of  the  Whole 
Length  of  the  Sciatic  Nerve. 


0.5%  SOLUTION 

1%  SOLUTION 

Cocaine 

12-25 

10-12 

Novocaine 

20-25 

10-12 

Apothesine 

15-25 

10-12 

Potassium  Chloride 

25 

12 

It  was  planned  to  use  such  dilutions  only  as  would  bring 
about  complete  anesthesia  in  five  to  ten  minutes,  but  the  lower 
time  limit  was  in  no  case  sufficient  with  the  dilutions  used. 

The  irritation  was  produced  from  a  three-cell  battery  through 
a  secondary  with  5000  windings  adjusted  to  a  point  where  the 
current  is  just  perceptible  on  the  tongue. 

The  sciatic  nerve  of  the  frog  is  dissected,  leaving  a  small 
piece  of  the  bone  attached,  for  convenience  in  handling,  and 
having  the  whole  muscle  below  the  knee  skinned  but  otherwise 
intact. 

After  determining  that  its  response  to  stimulation  is  good,  the 
whole  nerve-muscle  preparation  is  immersed  in  the  solution, 
testing  frequently  after  five  minutes  to  determine  when  anesthesia 
begins  and  its  progress.  It  will  be  observed  that  no  account  is 
taken  of  certain  features  which  have  formed  an  important  part 
of  the  reports  of  other  investigators,  namely,  the  response  to 
varied  degree  of  current,  the  response  from  application  of 
stimulus  to  different  portions  of  the  nerve,  the  exact  beginning 
of  paralysis,  its  duration  or  the  recovery.  While  these  factors 
are  not  unimportant  this  series  of  tests  was  made  primarily  to 
compare  the  efficiency  of  several  local  anesthetics,  and  for  this 
purpose  one  end  point  may  be  considered  as  good  as  another, 
other  things  being  equal.  The  end  point  chosen  was  therefore 
that  dilution  which  would  paralyze  the  motor  nerve  all  the  way  to 
its  disappearance  into  the  tissue  below  the  knee,  in  a  period  of 
approximately  ten  minutees.  However,  for  comparison  and  as 
evidence  of  different  degrees  of  anesthesia,  records  of  other  times 
and  of  other  dilutions  are  included. 

In  the  table,  ~  means  practically  no  degree  of  anesthesia, 
±  means  partial  anesthesia  in  the  sense  of  progress  along  the 
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nerve.  "  means  complete  anesthesia  except  the  nerve  just  at  its 
disappearance  into  the  tissue  of  the  leg. 

From  Table  I  the  efficiencies  of  the  four  anesthetics  are 
apparently  so  nearly  equal  that  for  all  practical  purposes  their 
values  by  this  method  may  be  taken  as  equal,  as  shown  by  Table 
II  which  summarizes  the  results. 

Comparison  of  these  results  with  those  of  SoUmann  shows 
that  there  is  absolute  agreement  in  ratio  so  far  as  each  of  us 
carried  our  experiments  but  that  the  efficient  concentrations  used 
are  somewhat  different.  This  is  probably  due  to  the  selection  of 
different  constants  and  not  to  errors  on  either  side. 

The  added  data  on  apothesine  are  valuable,  since  the  virtual 
agreement  on  the  others  points  to  a  probable  agreement  on  this 
substance. 

SURFACE    .VNESTHESI.X 

The  method  is  that  of  Gradenwitz''  who  first  applied  it  as  a 
means  of  determining  the  relative  values  of  local  anesthetics. 
The  brain,  medulla  and  heart  of  the  frog  are  removed  and  the 
blood  washed  out  to  prevent  general  absorption  of  the  substance 
which  is  being  tested.  In  applying  this  method,  one  leg,  after 
removing  excess  moisture,  is  dipped  into  the  diluted  anesthetic 
for  1  minute,  after  which  it  is  laid  in  a  vessel  containing  cold 
water  but  with  the  legs  not  immersed  and  separated  so  that  none 
of  the  anesthetic  touches  the  control  leg.  At  five-minute  intervals 
both  feet  arc  dipped  into  a  weak  solution  of  hydrochloric  acid 
(about  1/.5  per  cent)  and  the  behavior  closely  observed.  When 
no  anesthesia  has  taken  place  both  legs  are  withdrawn  with  equal 
l)romptness,  while  as  anesthesia  jirogresses  the  treated  leg  is  more 
slowly  withdrawn  until  on  complete  anesthesia  it  is  not  withdrawn 
at  all  while  the  control  leg  reacts  as  promptly  as  at  first.  After 
each  stimulation  both  legs  are  dipjicd  in  water  to  remove  any 
adhering  acid. 

The  objection  has  been  raised  that  there  is  no  direct  relation- 
ship between  this  method  and  clinical  practice ;  on  the  other  hand 
tile  frog's  skin  i)eing  always  moist  is  in  a  sense  comparable  to 
the  mucous  membrane  and,  in  this  respect,  is  an  experimental 
melhod  for  oi)taining  relative  values  for  mucous  membrane 
anesthesia.     Besides,  it  is  a  method  with  a  reaction  susceptible  of 
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quite  exact  measurement  and  as  such  takes  its  place  as  a  valuable 
pharmacologic  assay  method  for  establishing  relative  values. 
The  values  so  obtained  may  not  be  capable  of  direct  application, 
as  has  been  stated  about  other  methods,  but  without  question 
they  are  not  to  be  ignored  in  assigning  the  real  position  of  a  local 
anesthetic. 

Table  III. 


SUBSTANCE 


RESULT   OF    OB 


2/3 


3 

- 

+++ 

±±±          +++    0 

KQ 

1 
2 
3 
254 

+ 

+ 

+ 
+ 
+ 
++ 

+                -          -           0 

±       ±     ±  %- 

+          ±±     ±+     ±± 
±         ±±    ±±    +± 

0 

++        0 

0 

Summary 

OF  Table  IV. 

SUBSTANCE 

EFFECTIVE 
DILUTION 

ratio  of 

EFFECTIVENESS 

Cocaine  Hydrochloride 

1  per  cent 

1 

Novocaine 

3  per  cent 

% 

Apothesine 

3  per  cent 

% 

Potassium  Chloride 

3  per  cent 

% 

Table  III  shows  the  detailed  results  in  which  equally  prompt 
withdrawal  of  the  legs  is  represented  by  — .  progressive  anes- 


S6i 

thesia  by  -  while  complete  anesthesia  of  the  treated  member 
only  is  represented  by  +.  W'hen  neither  lesj  will  resjwnd  to 
stimulation  this  condition  is  represented  by  0. 

Comparing  these  relative  efficiencies  with  those  obtained  by 
Sollmann  it  is  seen  that  he  found  it  necessary  to  use  a  solution 
of  novocaine  six  times  as  strong  as  that  of  cocaine  as  against  one 
three  times  as  strong  in  Table  III.  Also  that  of  KCl,  the 
efficient  strength  was  twelve  times  as  great  as  for  cocaine  against 
three  times  in  Table  II. 

INTRACUTANEOUS    METHOD 

This  method  has  the  distinct  advantage  of  most  nearly 
duplicating  one  of  the  important  uses  of  a  local  anesthetic,  since 
it  is  carried  out  in  a  way  almost  identical  with  that  in  clinical 
practice.  Particular  care  was  taken  in  the  tests  tabulated  below 
to  prevent  the  unintentional  prejudice  which  knowledge  of  what 
was  injected  might  have. 

The  injections  were  ma<k'  by  a  i)raclicing  piiysiciaii  into  the 
forearms  of  the  subjects,  who  were  asked  to  respond  only  when 
pain  was  felt  when  a  needle  prick  was  made  on  the  anesthetized 
area  or  the  adjacent  skin. 

I-'..\Fr.KI  .Ml  N  rs  0.\    l-'lKST  -SriiJKCT    (H.  ('.   H.) 
1-irsl  Scries. 

AMOUNT  niHTlON  RESULT 


Cocaine 

0.25  c.c. 

1-500 

Complete 

Novocaine 

0.25  C.C. 

1-200 

Complete 

Apothesine 

0.25  c.c. 

1-200 

Complete 

Phy.s.   Salt  Sol. 

0.25  c.c. 

No  anesthesia 

Anesthesia  was  so  complete  that  no  distinction  could  be  drawn 
between  (he  different  injections.  The  second  series  was  therefore 
made  with  the  same  ratio  of  strengths  but  each  reduced  to  half 

that  in  llu-  |iicce(ling  series. 


Scawd 

Seri 

rs. 

AMOUNT 

DM.rTION 

Ki;si:i.T 

Cocaine 

0.2  C.C. 

1-1000 

Complete 

Novocaine 

0.2  c.c. 

1-400 

Complete 

Apothesine 

0.2  c.c. 

1-400 

Complete 

In  this  test  while  anesthesia  was  complete  in  every  case  it 
seemed  more  persistent  in  the  area  injected  with  apothesine  and 
in  the  next  series  the  strength  of  the  latter  only  was  changed. 


Third  Series. 


AMOUNT 

DILUTION 

RESULT 

Cocaine 

0.2  c.c. 

1-1000 

Complete 

Novocaine 

0.2  c.c. 

1-400 

Complete 

Apothesine 

0.2  c.c. 

1-800 

Complete 

In  this  series  the  anesthesia  was  as  nearly  identical  as  impar- 
tial observation  could  recognize. 

The  experiments  were  continued  the  next  day  on  the  same 
subject. 

In  the  data  below  an  attempt  is  made  to  indicate  the  degree  of 
anesthesia  and  its  duration  by  the  number  of  plus  signs. 

First  Series. 


AMOUNT 

DILUTION 

RESULT 

Cocaine 

0.2  c.c. 

1-1000 

+  +  +  + 

Novocaine 

0.2  c.c. 

1-500 

+  +  + 

Apothesine 

0.2  c.c. 

1-1000 

+  +  +  + 

Second  Series. 

Cocaine 

0.2  c.c. 

1-2000 

+  + 

Apothesine 

0.2C.C. 

1-2000 

+ 

Third  Series. 

Cocaine 

0.2  c.c. 

1-2000 

+  + 

Apothesine 

0.2  c.c. 

1-lSOO 

+  + 

The  above  injections  were  made  with  not  to  exceed  a  minute 
interval  between  those  of  a  series. 

The  results  of  these  tests  are  summarized  in  Table  V. 


Table  V. 


SUBSTANCE 

DILUTION 

RATIO 

Cocaine 

'  1-2000 

1 

Novocaine 

1-1000 

V2 

Apothesine 

1-1500 

Ya 

Experiments  on  a  second  subject  (M.  W.)  were  carried  out, 
the  degree  of  anesthesia  being  indicated  roughly  by  the  number 
of  plus  signs. 


Experiments  on  Second  Subject. 
First  Scries. 


DILUTION 

RESULT 

Cocaine 

1-2000 

+  +  + 

Novocaine 

1-1000 

+  + 

Apothesir.e 

1-2000 
Second  Series. 

+4-+ 

Cocaine 

1-3000 

++ 

Novocaine 

1-2000 

+ 

Apothesine 

1-3000 

+  + 

Novocaine 

1-1000 

++ 

These  results  may  be  summarized  in  Table  VI. 


Table  VI   (M.  W.) 


dilution 

ratio 

Cocaine 

1-3000 

1 

Novocaine 

1-1000 

% 

Apothesine 

1-3000 

1 

On  a  third  subject  (W.  E.  K.)  the  results  were  as  follows: 

Experiments  on  Third  Subject. 
First  Scries. 


dilution 

result 

Cocaine 

1-3000 

+++ 

Novocaine 

1-1800 

++ 

Apothesine 

1-3000 
Second  Series. 

+++ 

Cocaine 

1-4000 

++ 

Novocaine 

1-2000 

+ 

Apothesine 

1-4000 

++ 

Table  VH   (VV.  E.  K.) 
Summary  on  Third  Subject. 


SUBSTANCE 

dilution 

ratio 

Cocaine 

l-4(»0() 

1 

Novocaine 

1-1800 

less  than  Yj 

Apothesine 

1-4000 

1 

Experiments  on  Fourth  Subject  (L.  W.  R.) 
First  Scries. 


DILUTION 

RESULT 

Cocaine 

1-2000 

+  +  + 

Novocaine 

1-1000 

+  + 

Apothesine 

1-2000 
Second  Series. 

+  +  + 

Cocaine 

1-3000 

+  + 

Novocaine 

1-1800 

++ 

Apothesine 

1-3000 
Third  Scries 

+ 

dilution 

RESULT 

Cocaine 

1-4000 

-f 

Novocaine 

1-1800 

.    +  + 

Apothesine 

1-4000 
Fourth  Scries 

+ 

Cocaine 

1-3000 

+  + 

Apothesine 

1-3000 

+  + 

Summarizing  these  results  the  ratios  are  shown  in  Table  VIII. 


Table  VIII  (L.  \V.  R. ) 


SUBSTANCE 

DILUTION 

RATIO 

Cocaine 

1-3000 

1 

Novocaine 

1-1500 

Vz 

Apothesine 

1-3000 

1 

Table  IX. 
Summary  of  Average  Results  by  Intracutaneous  Administration. 


SUBSTANCE 

Cocaine 

Novocaine 

Apothesine 


ratio 

1 

11/24 
15/16 


The  results  of  the  intracutaneous  administration  of  the  three 
local  anesthetics  summarized  above,  carried  out  as  they  were  on 
four  different  persons,  prove  conclusively  two  points:  (1)  novo- 
caine is  about  one-half  as  efficient  as  cocaine,   (2)  apothesine  is 


practically  equal  to  cocaine  in  anesthetic  value.  Sollniann's 
conclusions  from  his  test  by  this  method,  namely,  that  novocaine 
is  equal  to  cocaine,  and  apothesine  one-eighth  as  efficient,  are 
evidently  incorrect.  It  is  impossible  to  explain  this  discrepancy. 
Novocaine  anesthesia  is  well  known  to  be  less  permanent,  since 
most  observers  have  noted  quick  recovery.  This,  however,  was 
not  the  factor  in  these  tests,  since  the  time  of  recovery  was  only 
incidental  in  importance  as  compared  with  the  degree  of  anes- 
thesia from  the  high  dilutions. 

In  the  introduction  it  was  stated  that  since  tests  of  local  anes- 
thetics by  different  methods  do  not  show  entire  agreement,  they 
can  be  taken  as  only  suggesting  and  not  demonstrating  the  clinical 
value.  Viewed  in  another  way,  however,  it  may  be  said  that 
these  tests  demonstrate  comparative  efficiencies  in  the  particular 
method  of  applying  the  substance. 

That  both  novocaine  and  apothesine  are  inferior  to  cocaine 
by  surface  application  agrees  with  clinical  evidence  which  has 
demonstrated  cocaine  to  be  exceptionally  rapid  in  its  absorption 
from  mucous  surfaces.  Braun.*  The  comparative  efficiencies  of 
cocaine  and  novocaine  by  intracutaneous  injection  also  duplicates 
the  opinion  generally  held  that  the  latter  is  less  efficient.  On  this 
point,  Braun^  states :  "Experience  and  experiments  have,  how- 
ever, shown  that  by  doubling  the  dose  of  novocaine  so  as  to  make 
it  as  effective  as  cocaine,  and  at  the  same  time  by  adding  certain 
substances  which  will  be  described  in  the  next  chapter  (supra- 
renin),  novocaine  has  become  an  ideal  anesthetic  for  injection  of 
tissues  and  has  made  cocaine  unnecessary."  It  may  be  assumed 
therefore  that  this  method  correctly  measures  the  efficiency  of 
apothesine  as  well  as  those  of  cocaine  and  novocaine.  Verifica- 
tion of  the  motor  nerve  method  can  mil  i)i'  cited  at  this  time 

Based  on  the  foregoing  results  it  is  evident  that  from  every 
point  of  view  apothesine  is  equal  to  or  exceeds  novocaine  as  a 
local  anesthetic  and  in  some  respects  is  not  less  efficient  than 
cocaine.  We  can  therefore  be  assured  of  supplies  of  an  efficient 
product,  independent  of  German  patents  or  controlled  United 
-States  laboratories  operating  under  license  to  German  patentees. 

The  author's  appreciation  is  extended  to  Dr.  A.  W.  Lcscohier, 
who  carried  out  the  intracutaneous  tests  and  recorded  his  obser- 
vations;  also  to  three  associates  who  by  their  courtesy  made  more 
data  available. 
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Table  IX. 


SUBSTANCE 

METHOD 

CKAPHIC    ILLUSTRATION    OF    EFFICIENCIES. 

RATIO 

Motor  Nerve 
Surface 

Intracutaneous 

1 

COCAINE 

+++++++++++++++++++++++++ 

1 
1 

IE 

Motor  Nerve 

Surface 

Intracutaneous 

1 

1/3 

++++++++++++++ 

'A 

.. 

Motor  Nerve 

Surface 

Intracutaneous 

\POTHES 

1/3 

+  +  +  +  +  +  +  +  +  ++  +  +  +  +  +  +  +  +  +    +  +  +  +  + 

1 
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Studies   from  the   Research  Laboratory. 

Parke,   Davis   &   Co. 

Reprint  No.    182,    1918. 

(Reprinted    from    the    New    Orleans    Medieal    and   Surgical   Journal,    Vol.    71,    No.    6. 
December,    191S.) 

SOME  STUDIES  ON  THE  RESISTANCE  OF  THE  OVA  OF 
TOXASCARIS  LIMBATA. 

Bv  Meyer  Wigdor.  .X.M. 

(From  the   Research   Laboratory   of  Parke,   Davis   &  Co.,   Detroit,   Mich.) 

The  resistance  of  ascarid  eggs  to  various  chemical  agents  and 
to  varying  conditions  of  temperature,  oxygen,  and  moisture 
has  been  known.  Baillett  (1866),  referring  to  the  resistance  of 
ascarids,  says  that  the  shell  of  the  egg  "is  so  impermeable  and 
resisting  that  it  can  only  be  affected  by  very  energetic  chemical 
agents,  and  in  the  majority  of  cases  this  shell  is  sufficient  to  pro- 
tect the  contents  of  the  egg  against  everything  that  in  ordinary 
circumstances  njight  alter  them."  Verloren  kept  for  more  than 
a  year  ova  of  Ascaris  marginata  in  which  the  embryos — formed 
from  the  fifteenth  day — remained  alive,  although  they  had  been 
exposed  to  all  the  variations  of  temperature  during  summer  and 
winter.    Braun  (1906),  in  regard  to  Ascaris  canis,  states: 

"The  eggs,  in  spite  of  the  delicacy  of  their  shells,  have  great  powers 
of  resistance,  and  develop  equally  well  in  water  and  damp  earth,  in  a 
solution  of  chromic  acid,  alcohol,  turpentine,  solution  of  soda,  etc.  It  is, 
however,  but  seldom  that  the  embryos  hatch  out." 

Foster  (1916),  referring  to  the  resistance  of  ascarid  eggs, 
states : 

"It  is  a  well-known  fact  that,  in  the  case  of  several  species  of  para- 
sites, the  ova  of  which  are  characterized  by  a  relatively  thick  egg  shell, 
the  eggs  are  affected  but  little,  if  at  all,  by  formalin  solutions.  Ascarid 
eggs,  for  example,  may  be  kept  alive  for  months,  or  even  years,  in 
formalin." 

Morris,  when  examining  some  human  feces  which  contained 
many  eggs  of  Ascaris  lumbricoides,  and  which  had  been  preserved 
in  a  2-per-cent  solution  of  formalin  for  two  years,  found  that 
some  of  the  eggs  contained  actively  motile  embryos.  Four  months 
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later  there  was  an  apparent  increase  in  the  number  of  eggs  con- 
taining embryos.  In  my  own  experience,  it  has  been  found  that 
a  formaHn  sohition  is  a  very  satisfactory  medium  in  which  to 
incubate  ascarid  eggs,  at  it  prevents  the  growth  of  moulds, 
bacteria,  etc.,  without  interfering  with  the  development  of  the 
embrvos.  \'arious  other  substances  commonly  destructive  to 
protoplasm  have  been  found  not  to  interfere  with  the  develop- 
ment of  ascarid  eggs.  Leuckart  notes  that  the  eggs  of  .Ascaris 
mystax  may  reach  development  in  alcohol,  chromic  acid  and  tur- 
pentine; while  Bataillon  has  had  the  ova  of  .Iscaris  iiicgalocepliala 
showing  living  embryos  after  having  been  for  six  months  in 
Fleming's  solution :  he  also  finds  that  the  embrx  os  in  the  eggs 
remain  intact  and  active  in  .")(l  per  cent  alcohol,  in  a  •'>.'!^  per  cent 
solution  of  acetic  acid,  and  in  a  '20  per  cent  sul])luu-ic  acid 
solution. 

While  the  resistance  of  ascarid  eggs  is  fairly  well  known  in  a 
general  way,  much  work  remains  to  be  done  in  ascertaining  sub- 
stances which  will  destroy  these  and  other  helminth  eggs.  Since 
prophylaxis  against  parasitic  infestation  is  largely  a  matter  of 
proper  disposal  of  manure  or  feces,  a  knowMlge  of  suitable 
chemical  agents  for  the  destruction  nf  the  (>\a  pnscnt  in  teces  or 
manure  is  evidenth'  desirable.  It  is  known  that,  when  live  stock 
are  pastured  in  the  same  field  year  after  year,  the  animals  often 
become  unthrifty  and  occasionally  sicken  .ind  die.  due  to  their 
being  continually  in  contact  with  soil  pulluted  by  parasitic 
ova  and  bacteria  from  inainire.  just  as  there  is  an  imminent 
danger  of  unthriftiness  amongst  animals  in  contact  with  polluted 
soil,  similarly  human  iiealth  may  be  afTccted.  Parasites  of  the 
intestine,  lungs,  liver,  kidneys  and  bladder  are  usually  spread  by 
soil  pollution.  \\'hether  these  parasites  have  a  simple  life  history 
without  an  intermediate  host,  or  have  an  intermediate  host, 
whether  they  spread  from  one  person  to  another,  from  one  of 
tlie  lower  animals  to  another,  or  infect  one  group  after  passage 
from  another,  tiie  fact  that  the  eggs  are  located  in  the  feces  for 
a  time,  and  that  here  is  an  excellent  o])portunity  to  apply  control 
measures,  makes  the  study  of  inean>  of  attack  against  ])arasitic 
eggs  an  important  and  reliable  investigation. 

Just  as  various  bacteria  seem  to  show  si)ecific  dilTerences  in 
lluir  behavior  toward  certain  chemicals,  so  may  we  expect  the 
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same  to  be  true  in  regard  to  the  ova  of  parasites,  and  hence  the 
need  for  further  studies  along  these  as  yet  almost  untouched  lines 
of  investigation. 

To  prevent  the  evil  effects  of  soil  pollution  from  extending 
to  his  live  stock,  the  farmer  resorts  to  such  measures  as  the 
purchase  of  additional  pasture  lands,  pasture  rotation,  burning 
over  of  the  pasture,  etc.  Human  beings,  on  the  other  hand,  are 
taught  to  frequent  an  appointed  place  to  deposit  excreta,  which 
is  then  variously  disposed  of. 

Several  measures  have  been  advocated  for  the  treatment  and 
disposal  of  manure  and  excreta,  to  kill  parasitic  ova,  the  com- 
monest of  which  are : 

1.  Heating.  Stiles  and  Lunisden  claim  that  heating  the  eltluent 
in  a  vessel  at  212 '"  F.  is  the  only  meastu-e  which  can  be  unreserv- 
edly recommended  to  date.  We  would  naturally  expect  that  very 
high  temperatures  would  prove  lethal  to  parasitic  ova  due  to  the 
coagulation  of  the  protoplasm.  The  disagreeableness  of  this 
procedure,  however,  is  very  evident,  and  is  so  considerable  as  to 
make  this  method  impracticable. 

2.  Burial.  Stiles  and  Lumsden  state,  concerning  the  method 
of  disposal:  "Burial  will  unquestionably  decrease  the  danger  of 
spreading  infection,  but  in  the  present  state  of  knowledge  this 
method  of  disposal  cannot  be  relied  upon  as  safe."  One  danger 
involved  is  the  probable  contamination  of  water  supplies. 

3.  Chemical  disinfection.  As  has  been  previously  stated,  the 
chemical  disinfection  of  polluted  soil  against  parasitic  worm  eggs 
has  received  very  little  attention,  although  it  appears  to  be  a  very 
feasible  method  of  combating  parasitic  infection.  Chemical  dis- 
infectants, such  as  chlorinated  lime  and  certain  coal-tar  deriva- 
tives, have  long  been  advocated  to  destroy  parasitic  bacteria  in 
polluted  soil,  and  there  is  no  apparent  reason  why  this  method 
should  not  prove  eqtially  efficacious  against  eggs,  if  suitable  sub- 
stances can  be  found.  There  are  certain  factors  to  be  taken  into 
consideration,  however,  in  chemical  disinfection  against  eggs. 
Parasitic  ova  usually  possess  a  strong  chitinous  outer  membrane, 
which  is  lacking  in  bacteria,  and  which  makes  the  egg  very 
resistant  to  the  penetration  of  most  chemical  agents.  The  usual 
germicidal  strengths  advocated  to  destroy  bacteria  prove  surpris- 
ingly inadequate  in  destroying  parasitic  ova. 


Anotht-r  important  factor  to  he  considered  in  this  connection 
is  the  effect  of  the  chemical  agent  on  the  fertihzer  vahie  of  feces. 
In  many  countries,  as  in  China,  where  every  bit  of  excreta  is 
religiously  kept  and  used,  the  effect  that  various  chemicals  would 
have  on  human  feces  in  modifying  its  value  as  fertilizer  is  of 
prime  importance.  Another  important  factor  already  noted  is 
that  some  ])arasitic  ova  arc  more  resistant  than  others,  and  that 
the  ova  of  different  .species  may  behave  differently  under  the 
influence  of  various  chemicals. 

This  paper  is  intended  jjrimarily  to  present  a  brief  study  of 
the  effect  of  some  chemical  agents  on  the  ova  of  one  of  the  dog 
ascarids.  To.vascaris  liiiibata.  The  egg  of  this  species  was  used 
because  infested  fecal  material  was  readily  available  and  because 
it  seems  quite  resistant  to  chemical  agents.  The  ova  of  T.  linibata 
pos.sess  an  outer,  clear,  double-contoured,  chitinous  shell  and  an 
inner  yellowish  membrane,  which  is  marked  with  interlacing 
striations.  giving  the  suggestion  that  this  membrane  is  composed 
of  interlaced  fibers.  The  following  procedure  was  usually  eni- 
])loyed  in  testing  the  various  chemicals  under  consideration :  The 
feces  were  collected,  thoroughly  broken  ii|)  in  a  shaker  and 
screened,  a  method  advocated  by  Hall  (I'.M^)  for  e.xammmg 
feces.  To  most  of  the  solutions,  where  il  was  feasible,  a  weai< 
solution  of  appro.ximately  .'■>-])er-cent  ])iitassium  dichromate  was 
added  to  hasten  embryo  development,  llall  and  \\  igdor  (  I!) IS) 
have  found  a  lO-per-cent  potassium  dichromate  solution  a  very 
satisfactory  nu-diuni  for  culturing  coccidia  and  various  helminth 
ova,  presumably  in  furnishing  oxygen  and  hindering  bacterial 
growth.  Since  in  these  tests  the  chemical  agent  was  not  applied 
to  the  feces  direct,  as  under  natural  conditions,  the  results  may 
difTer  somewhat  from  what  may  be  actually  found  to  take  jjlace 
if  the  feces  were  treated  direct,  without  going  through  the  screen- 
ing [)rocess.  Eggs  that  h.ive  i)e(n  screened,  however,  should  he 
more  readily  accessibk-  to  the  chemical  agent  tested  ih.in  liiose 
intact  in  the  fece^,  for  the  Iriller  have  a  coalini^  cif  I'ccal  mallei' 
Jirotecting  liiem  lo  some  exlelll  against  tile  .igeiit  ciiijiiuN  eii.  wiiicii 
I)rotcctiiin  i>-  not  .illurded  the  screened  eggs.  Ilie  latter  are  mixed 
with.  1)UI  not  coaled  l)y,  the  line  particles  of  fecal  matter  whicii 
l)ass  tlirough  the  screen  with  tin-  eggs.  Since  the  tesN  were  iii.ide 
on  a  ]iarasite  of  the  dog,  the  findings  can  only  be  ai)plied  to  iniin.i.; 
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parasites  within  certain  limits  and  with  some  reservation,  but  that 
they  will  apply  in  large  measure  seems  entirely  reasonable  and 
probable. 

The  chemical  agents  tested  include  the  following  groups  of 
chemicals :  ( 1 )  Acids,  including  hydrochloric,  nitric,  sidphuric. 
oxalic  and  acetic  acids,  and  the  alkalis,  including  caustic  soda, 
ammonia  and  lime.  (2)  Metallic  and  other  salts,  including  cor- 
rosive sublimate,  copper  sulphate,  iron  sulphate,  potassium 
dichromate,  potassium  arsenite,  sodium  chloride  and  sodium 
fluoride.  (3)  Phenols,  including  pure  carbolic  acid,  and  kreso,* 
kreso  dip,*  septico,*  cresylone*  and  neko,*  preparations  whose 
germicidal  value  depends  on  the  higher  phenols.  (4)  Alcohol. 
(■")')  Formaldehyde.  (6)  Volatile  oils  and  other  readily  volatile 
agents,  including  chloroform,  ether,  oil  of  turpentine,  oil  of 
chenopodium,  toluol  and  xylol.  (  7  )  Miscellaneous  agents,  includ- 
ing hydrogen  peroxide  and  germ-X.j 

Additional  tests  were  made  to  determine  the  rate  of  develop- 
ment, if  any,  of  screened  feces  in  distilled  water,  of  screeiied  and 
unscreened  feces  in  tap-water,  and  of  screened  and  unscreened 
feces  in  tap-water  to  which  some  5-per-cent  potassium  dichromate 
was  added.  Tests  were  also  made  on  the  eflfect  of  temperature 
and  of  moisture  on  egg  development. 

The  number  of  chemical  disinfectants  is  large,  and  nearly 
every  group  of  chemical  substances  includes  members  that  may 
be  capable  of  injuring  parasitic  ova.  In  practice,  however,  only  a 
relatively  small  number  of  chemicals  come  imder  consideration, 
it  being  necessary  to  exclude  all  that  act  only  in  a  high  state  of 
concentration,  as  well  as  those  which  unduly  corrode  containers 
to  be  disinfected  or  which  are  too  expensive. 

The  number  of  chemical  disinfectants  that  might  be  employed 
in  attempting  to  destroy  parasitic  ova  has  by  no  means  been 
exhausted  in  these  studies,  but  some  of  the  most  important  mem- 
bers of  each  group  have  been  tested  and  will  be  given  seriatim. 


*These  phenol  preparations  are  marketed  by  Parke,  Davis  &  Co.  uiiHer  tliese 
trade  names,  and  will  hereafter  be  referred  to  as  Preparations  A  (Kreso),  B  (Kreso 
Dip),   C   (Septico),  D    (Cresylone),   and  E    (Neko). 

tCemi-X.  a  hypochlorite,  will  be  termed  Preparation  "X."  and  is  marketed  by 
the  North  Star  Chemical  Works,  of  Lawrence,  Mass.  Similar  products  on  the 
market    are    Bacilli    Kill    and    Fecto. 
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ACIDS  AND  ALKALIS. 

Since  the  development  of  ova  is  dependent  on  certain  chemical 
reactions,  verying  between  somewhat  narrow  limits,  all  strong 
acids  and  alkalis  adversely  affect  the  vital  processes.  Certain 
acids,  such  as  hydrochloric  acid,  also  sulphuric  and  nitric  acids, 
have  long  been  known  to  kill  all  germs  in  a  very  short  time,  while 
the  antiseptic  value  of  other  acids,  such  as  acetic,  is  only  slight. 
Their  highly  destructive  action  on  most  objects,  however,  stands 
in  the  way  of  their  employment  in  practice,  and  consequently  the 
cheapest  of  the  strong  acids — hydrochloric  acid  and  sulphuric 
acid — are  rarely  used. 

Regarding  the  resistance  of  parasitic  ova  to  various  acids, 
there  is  very  little  available  data.  Wharton  (11115)  found  that 
eggs  of  .Iscaris  himbricoides  died  in  one-half  per  cent  hydro- 
chloric and  3  per  cent  acetic,  and  divided  overnight  in  3  per  cent 
nitric.  Bataillon  (1901),  as  cited  by  Foster  (19](!).  found,  on 
the  other  hand,  that  the  embryos  in  the  eggs  of  Ascaris  iiicgalo- 
ccphalci  remained  intact  and  active  in  a  •'i'i]A,  per  cent  solulion  of 
acetic  acid  and  a  "^0  i)er  cent  solution  of  sulphuric  acid. 

Hydrochloric,  sulphuric,  nitric,  oxalic  and  acetic  acids  were 
the  acids  used  in  these  tests,  with  the  following  results : 

At  the  end  of  three  days,  eggs  kcjit  in  a  ■")  per  cent  hydrochloric 
acid  solution  showed  motile  embryos.  Those  in  a  10  ]X'r  cent 
solution,  for  the  same  period  of  time,  showed  embryo  develop- 
ment, but  the  embryos  were  apparently  immotilc. 

Eggs  kept  in  a  5  per  cent  sulphuric  acid  solutidu  showed  some 
actively  motile  embryos  at  the  end  of  a  ])criod  of  three  days. 
Most  of  the  eggs,  however,  were  still  segmenting  and  dividing, 
and  all  were  in  apjiarently  good  condition.  Eggs  ke])t  in  a  10  ])cr 
cent  sulphuric  acid  solution  for  three  days  showed  embryo 
develojimenl  in  some  cases,  but  the  embryos  were  aiijiarently 
inunotile. 

Eggs  ke])t  in  a  "i  per  cent  solution  of  nitric  acid  showed  some 
actively  motile  embryos  at  the  end  of  a  three-day  i)eriod.  About 
•"lO  per  cent  of  the  eggs  were,  however,  killed  and  shrunken  to  a 
little  less  than  one-half  their  normal  size.  The  other  t\Q  per  ceiU 
were  in  good  condition  and  were  undergoing  development. 

Eggs  ke|)t  in  a  ■.'n,  ;i(),  40  and  oO  ])er  ceiU  solution  of  oxalic 
acid  showed  aclivcK    ntotile  embrMi-;  in  three  davs. 


Eggs  kept  in  5,  10  and  20  per  cent  solutions  of  acetic  acid  for 
three  days  showed  actively  motile  embryos  at  the  end  of  that 
period.  Eggs  kept  in  a  30  per  cent  solution  for  the  same  period 
were  killed,  and  had  not  undergone  any  marked  development. 

Thus,  amongst  the  acids,  nitric  acid  appears  to  be  the  strongest 
in  its  ovacidal  action  against  the  eggs  of  To.vascaris  liinbata,  sul- 
phuric and  hydrochloric  of  approximately  equal  ovacidal  strength 
ranking  next,  acetic  next,  and  oxalic  last. 

The  action  of  alkalis  is,  broadly  speaking,  less  powerful  than 
that  of  the  acids.  Caustic  soda  is  held  to  be  the  strongest  of  these 
agents.  In  actual  practice,  the  strong  alkalis  will  only  occasion- 
ally come  into  consideration  for  use  as  disinfectants,  since  they 
corrode  most  articles  that  require  treatment.  An  exception  is, 
however,  afforded  in  the  case  of  slaked  lime,  which  is  extensively 
used  in  practical  disinfection.  The  treatment  of  manure  with 
slaked  lime  has  been  perhaps  the  most  widely  advocated  measure 
for  combating  parasitic  infection. 

To  determine  the  efficacy  of  this  treatment  in  destroying  the 
ova  of  T.  limbata.  the  following  tests  were  made : 

Five  grams  of  feces  were  placed  in  a  petri  dish  and  0.45  gram 
of  slaked  lime  sprinkled  thereon.  Ten  days  later  embryos  were 
found  to  have  developed,  but  they  were  apparently  immotile. 

Eggs  were  placed  in  a  one-fifteenth  solution  (1  gm.  of  the 
lime  to  15  gms.  of  water)  of  slaked  lime;  embryo  development 
w-as  noted  three  days  later. 

Thus  it  appears  that  the  treatment  of  the  feces  with  the 
ordinary  commercial  slaked  lime  does  not  hinder  the  development 
of  the  ova  of  T.  limbata.  In  this  connection  it  must  be  taken  into 
consideration  that  slaked  lime,  to  be  at  all  effective,  should  be 
freshly  slaked,  for,  on  being  exposed  to  the  air,  it  is  readily  con- 
verted into  the  carbonate  form,  which  is  devoid  of  antiseptic 
proijerties.  Commercial  preparations  of  slaked  lime  are  verj- 
often  not  fresh-slaked  lime,  but  are  the  carbonate,  and  hence  of 
no  value  for  disinfection. 

Embryo  development  was  also  obtained  in  three  days  in  eggs 
kept  in  a  one-fifteenth  solution  of  chlorinated  lime. 

The  action  of  caustic  soda  on  the  ova  of  T.  limbata  is  of 
special  interest,  however.     Eggs  were  cultured  in  1,  2,  5,  10  and 
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50  per  cent  solulioiis  of  caustic  soda,  and  motile  embryos  were 
obtained  in  each  case  at  the  end  of  a  three-day  period.  Some  of 
the  eggs  in  the  10  and  50  per  cent  solutions  were,  however,  under- 
going decomposition.  In  a  25  per  cent  solution  all  the  eggs  were 
killed  and  showed  degeneration.  The  resistance  of  the  ova  to 
caustic  soda  is  surprising,  in  view  of  the  latter's  well-known  dis- 
integrating action  on  chitin.  In  50  per  cent  strengths  a  i)rotective 
coat  appears  to  be  cast  about  the  egg.  making  it  impermeable  to 
the  action  of  the  alkali. 

Ammonium  hydroxide  appears  to  be  devoid  of  any  action 
against  the  ova,  since  motile  embryos  were  obtained  at  the  end 
of  a  three-day  period  in  25  and  50  per  cent  solutions  of  the  alkali. 

From  the  above  we  can  note  that  the  ova  of  T.  liiiibata  show 
surprising  resistance  to  the  action  of  niost  of  the  common  acids 
and  alkalis. 

.MKT.\I.I,1C  S.M.TS   .\NI)  OTHKK   S.M.TS. 

The  group  of  metallic  salts  is  of  considerable  iin]i()rtance.  and 
comprises  some  of  the  most  ])Owerful  disinfectants  against  bac- 
teria known. 

Corrosive  sublimate  (mercury  dichloride  Hg  Cl._.)  is  known  to 
destroy  the  vegetative  forms  of  bacteria  in  a  few  minutes,  even 
when  diluted  to  1  part  in  10,000;  and  the  spores  of  bacteria 
possessing  medium  powers  of  resistance,  such  as  anthrax  s])ores, 
are  killed  within  two  hours  by  a  1-1000  solution.  However,  like 
many  other  disinfectants,  all  metallic  salts  are  influenced  by  other 
substances  present  in  the  solution,  and  also  by  the  solvent,  because 
their  disinfectant  power  depends  on  their  degree  of  electrolytic 
dissociation.  I'^or  this  reason  they  act  nnuh  less  ])()\vcrfully  in  ;in 
alcoholic  solution,  and  not  at  all  in  a  fatty  or  oily  mcdiinii.  TIk- 
dissociation  may  be  also  moditied  by  additions  of  other  agents. 

Tests  on  various  salts  of  this  group  gave  the  following  results  : 

Eggs  kept  in  a  1-500  solution  of  corrosive  sublimate  showed 
motile  embryos  at  tlie  end  of  a  three-day  |)eriod.  I'-ggs  kept  in  a 
1-250  solution  of  the  salt  showed  division  at  the  end  of  there  days, 
a  high  degree  of  segmentation  at  the  end  of  live  days  aiid  actively 
motile  embryos  at  llie  end  of  fifteen  days,  i'^ggs  in  a  l-iod  -.olu- 
tion  showed  activeiv  motile  embrvos  in  three  davs. 


Eggs  kept  in  a  'iO  per  cent  copper  sulphate  solution  showed 
actively  motile  embryos  at  the  end  of  three  days. 

Eggs  kept  in  a  33  per  cent  solution  of  iron  sulphate  showed 
actively  motile  embryos  at  the  end  of  three  days. 

Eggs  kept  in  normal  saline  solution  showed  actively  motile 
embryos  at  the  end  of  three  days. 

Eggs  kept  in  1-2  solution  of  sodium  fluoride,  a  salt  which  has 
recently  been  advocated  as  possessing  valuable  antiseptic  proper- 
ties, showed  actively  motile  embryos  at  the  end  of  three  days. 

Eggs  kept  in  a  1  per  cent  solution  of  potassium  arsenite 
showed  actively  motile  embryos  at  the  end  of  three  days,  but  they 
were  apparently  dead  when  examined  two  days  later.  Eggs  kept 
in  a  10  per  cent  solution  of  potassium  arsenite  showed  some 
actively  motile  embryos  at  the  end  of  three  days.  Some  of  the 
embryos  were  apparently  immotile,  and  some  of  the  eggs  had 
apparently  undergone  very  little  development,  for  the  nuclear 
material  in  the  eggs  was  distorted  and  was  breaking  dow-n. 

In  this  connection  it  may  be  stated  that  a  10  per  cent  potas- 
sium dichromate  solution  has  proven  a  very  valuable  medium  for 
developing  not  only  the  eggs  of  Toxascaris  limbata,  but  also  the 
eggs  of  Ancylostomuni  caiiiniiiii,  Trichuris  dcprcssiuscula  and  the 
oocysts  of  Diplospora  bigcinina. 

The  ova  of  T.  limbata  are.  therefore,  highly  resistant  to  the 
action  of  most  metallic  salt^  which  have  been  known  to  possess 
bactericidal  properties. 


This  generic  term  includes  all  the  chemicals  allied  to  true 
phenol  (carbolic  acid),  which  form  a  very  important  group  of 
disinfectants. 

Carbolic  acid  is  soluble  to  the  extent  of  o-G  per  cent  in  water, 
and  when  employed  for  disinfection  purposes  is  usually  replaced 
by  its  homologues,  the  cresols  and  their  compounds,  which  are 
cheaper  and  less  corrosive.  The  three  cresols,  meta-,  para-  and 
orthocresol,  are  in  themselves  too  sparingly  soluble  (0.5,  ].8  and 
2.5  per  cent,  respectively)  to  exert  any  powerful  disinfectant 
action,  but  their  solubility  can  be  largely  increased  by  the  addition 
of  strong  acids  or  of  alkaline  soaps,  which  raise  them  to  the  cate- 
gory of   the  strongest  disinfectants.     The  greatest  popularity  is 
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enjoyed  by  the  cresols  which  have  been  dissociated  by  means  of 
soap  solutions,  and  which  fall  into  two  categories,  one  class  form- 
ing clear  solutions  in  water  and  the  other  an  emulsion  in  water. 
Of  the  latter,  preparations  A*  B*  and  E*  and  of  the  former, 
preparations  C*  and  D*  are  representatives  which  have  been 
tested.  Preparation  B.  with  a  phenol  coefficient  of  •"),  consists  of 
78  per  cent  creosote  oil  and  23  per  cent  resin  soap,  with  enough 
water  added  to  keep  it  in  solution.  Preparation  A,  with  a  phenol 
coefficient  of  (J  or  7,  consists  of  70  per  cent  creosote  oil  enriched 
with  extra  phenols  and  .'^0  per  cent  soap  solution.  Preparation 
D.  with  a  phenol  coefficient  of  2,  consists  of  a  50  per  cent  solution 
of  cresylic  acid  in  soap  and  water.  Preparation  E.  with  a  phenol 
coefficient  of  IG  to  20.  consists  of  7;^  per  cent  high  coefficient 
oil,  which  has  a  higher  jiercentage  (  about  !>0  per  cent )  and  higher 
quality  of  phenols  than  the  ordinary  coke-oven  tar  phenols. 
Preparation  C,  with  a  phenol  coefficient  of  2.  is  almost  identical 
with  preparation  P.  ditTering  in  that  it  contains  about  10  j^cr  cent 
of  oils  (eucalyptus,  camphor  and  tur])entine  oils)  lo  give  it  a 
pleasant  odor. 

The  following  results  were  obtained  on  the  resistance  of  the 
ova  of  T.  limbata  to  phenol  and  its  derivatives.  Tests  on  pure 
carbolic  acid  were  made  as  follows : 

Eggs  placed  in  pure  carbolic,  full  strength,  were  killed  at  the 
end  of  three  days.  The  eggs  were  greatly  distorted  and  had 
shrunken  to  about  one-half  their  normal  size.  The  shells  were 
split  at  several  points  and  the  eggs  were  undergoing  degeneration. 

Eggs  in  20  per  cent  and  5  per  cent  carbolic  were  found  dead 
at  the  end  of  a  three-day  period.    The  eggs  were  deformed. 

Eggs  in  a  2  per  cent  carbolic  acid  solution  showed  no  develop- 
ment at  the  end  of  a  three-day  period,  but  the  eggs  \ww  fairly 
well  preserved. 

Eggs  in  a  1  ])er  cent  carbolic  acid  solution  showed  division  and 
segmentation  at  the  end  of  three  days,  and  at  the  end  of  five 
days  no  further  develo]inKnl  was  iiutcd,  tin-  eggs  being  .qiijarently 
killed. 


•Preparations   A,   B.   C.   D   and   E   arc    Krcso,    Krcso    Dip.    Stpiico,    Crcsylonc   nn<\ 
Neko,    rcspeclivcly. 
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Tests  on  jircparation  B  were  made  as  follows: 

Eggs  kept  in  l-.jOU  solution  showed  actively  motile  embryos 
in  three  days. 

Eggs  kept  in  1-250  solution  showed  motile  embryos  in  three 
days,  but  most  of  the  eggs  had  not  yet  developed  to  form  embryos, 
being  still  in  the  division  stage.  On  the  twelfth  day  after  cultur- 
ing  the  embryos  were  found  dead  and  undergoing  degeneration. 

Eggs  in  a  1-50  and  1-100  solution,  at  the  end  of  three  days 
were,  in  nearly  all  cases,  undergoing  complete  degeneration,  the 
chitinous  outer  membrane  and  nuclear  material  being  almost 
entirely  destroyed.  Some  eggs  had  undergone  embryo  develop- 
ment, but  had  been  killed  and  were  breaking  down. 

The  advocated  disinfectant  strength  of  preparation  Z>  is  1  part 
of  the  preparation  to  100  parts  of  water,  a  strength  which 
proved  entirely  efficacious  in  destroying  the  ova  of  T.  liinbata. 

Tests  on  preparation  A  were  made  as  follows : 

Eggs  kept  in  a  1-250  solution  showed  embryo  development  at 
the  end  of  three  days,  but  the  embryos  were  apparently  dead  and 
the  nuclear  material  was  breaking  down. 

Eggs  kept  in  a  1-100  solution  showed  division,  segmentation 
and  some  embryo  development  at  the  end  of  three  days.  At  the 
end  of  five  days  the  eggs  were  dead  and  the  nuclear  material  was 
decomposing. 

Eggs  kept  in  a  1-50  solution  were  nearly  all  dead  at  the  end  of 
three  days;  some  of  the  eggs  were  highly  segmented,  but  appar- 
ently dead. 

The  advocated  disinfectant  strength  of  preparation  A  is  1-100. 

Tests  on  ])reparation  D  were  made  as  follows  : 

Eggs  kept  in  a  1-250  solution  for  three  days  showed  motile 
embryos  at  the  end  of  that  period. 

Eggs  kept  in  a  1-100  solution  showed  slow  development  at  the 
end  of  a  four-day  period.  The  eggs  were  segmented  in  most 
cases  and  the  young  embryos  were  just  ready  to  appear. 

Eggs  kept  in  a  1-50  solution  for  four  days  showed  no  notice- 
able development  at  the  end  of  that  period,  all  the  eggs  being 
apparently  dead. 

The  advocated  disinfectant  strength  of  preparation  D  is  a  1 


or  2  per  cent  sulution.     In  these  tests  a  'i  per  cent  strength  seems 
to  be  effective  against  tlie  ova  of  7\  liiiibata. 

Tests  on  preparation  C  were  made  as  follows: 

Eggs  kept  in  a  1-To  solution  showed  embryo  development  at 
the  end  of  a  three-day  period. 

Eggs  kept  in  a  1-50  solution  showed  little  development  at  the 
end  of  a  three-day  period,  although  they  were  all  apparently  in 
good  condition,  some  showing  the  beginning  of  segmentation. 

Eggs  kept  in  a  1-2.-)  solution  were  killed  at  the  end  of  a  three- 
day  period  and  were  breaking  down. 

Preparation  C  is  advocated  in  strengths  of  l-T.j  for  s])raying 
barns,  stables,  etc..  and  in  a  solution  of  2  per  cent  strength  for 
sterilizing  wounds.  These  tests  have  .shown  that  a  1-.50  solution 
will  apparently  kill  and  a  \-2')  solution  will  surelx  kill. 

Tests  were  made  on   prepar.-ition   /:"   ;is    follows: 

Eggs  kept  in  a  l-.-|Oii  sohuion  showed  acti\ely  motile  emliryos 
at  the  end  of  three  days. 

Eggs  kept  in  a  1-2.50  solution  ^ho\\■ed  a  lew  acti\ely  motile 
embryos  at  the  end  of  a  three-day  period,  but  most  uf  the  eggs 
were  apparently  killed.  .\t  the  end  of  four  days  the  embryos 
were  apparently  dead. 

Eggs  kept  in  a  l-lOO  solution  showed  very  little  develo|)ment 
and  were  apparently  dead  after  a  jjeriod  of  three  days. 

The  dilution  of  preparation  H  recommended  for  general  use 
is  1-500.  The  tests  on  the  ova  of  T.  linibata  proved  this  strength 
to  be  inadequate  for  inhibiting  embryo  development.  .\  1-250  or, 
still  better,  a  1-100  solution,  is  advisable. 

The  above  data  on  the  action  of  the  ])lunols  >ho\\  th.it  there 
is  a  direct  relationshi])  between  the  corrosiveness  of  tin-  ]iluiiol 
used  and  its  ovacidal  action  against  the  ova  of  T.  liiiibulti.  I'mr 
])henol,  highly  corrosive,  kills  the  eggs  in  a  I  per  cent  solution  ; 
])rei)arations  C  and  I),  the  next  most  highly  c(jrrosive  substances 
ii.sed,  kill  in  solutions  which  are  e{|uivalenl  to  a  4  i)cr  cent  solu- 
tion of  phenol ;  i)re|)arations  A  and  H.  ranking  next  in  their  cor- 
rosive action,  kill  in  a  solution  which  is  ecjiiivalent  to  a  7  [)er  cent 
solution  of  |)henol ;  and  ])re])aration  /;,  the  least  corrosive  and 
hence  least  efificacious  against  the  ova  tested,  kills  in  solutions 
which  are  ecjuivalent  to  a  10  to  20  per  cent  solution  of  jihenol. 
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This  group  otTers  the  most  promising  possibilities  for  destroy- 
ing parasitic  ova.     Strong  sokitions  of  such  phenols  as  prepara- 
tions A.   B,   C  and   D   should   prove   highly   effective    in   killing 
worm  ova. 

ALCOHOL. 

The  alcohols  are  still  the  subject  of  scientific  discussion,  in  so 
far  as  their  disinfectant  properties  are  concerned.  That  they  are 
endowed  with  a  by  no  means  small  power  of  disinfection  is 
indubitable,  but  the  scientific  experiments  performed  in  this  con- 
nection have  furnished  widely  different  results  in  detail.  On  the 
whole,  it  has  been  ascertained  by  careful  research  that  solutions 
above  20  per  cent  in  strength  kill  all  vegetative  forms  of  moist 
and  dried  bacteria,  and  that  this  action  increases  in  power  up  to 
solutions  of  80  per  cent  strength,  beyond  which  limit  it  declines 
in  the  case  of  dried  bacteria,  but  persists  through  the  higher 
strengths  (85,  90)  in  the  case  of  moist  bacteria.  In  my  tests, 
actively  motile  embryos  were  present  in  the  eggs  after  a  three-day 
period  in  solutions  of  K),  25,  50,  60  and  70  per  cent  strengths  of 
ethyl  alcohol,  but  were  killed  in  T5  per  cent  and  higher  strengths, 
thus  agreeing  with  the  results  obtained  for  the  action  of  ethyl 
alcohol  on  moist  bacteria.  The  eggs  in  the  latter  solutions  had 
apparently  lost  their  inner  coat  or  it  had  been  rendered  homo- 
geneous and  invisible. 

It  is  interesting  to  note  that  Bataillon,  as  previously  mentioned 
(1901),  found  that  the  embryos  in  the  eggs  of  Ascaris  iiwyalo- 
ccphala  remained  intact  and  active  in  50  per  cent  alcohol. 

The  ova  of  T.  liinbata  are.  therefore,  very  highly  resistant  to 
the  action  of  alcohol. 

FORMALDEHYDE. 

The  chief  action  of  formaldehyde  for  bacterial  disinfection  is 
to  restrict  the  growth  of'  bacteria,  which  are  prevented  from 
germinating  by  solutions  as  weak  as  1 :20,000.  In  its  ovacidal 
action  against  the  eggs  of  T.  liinbata,  formaldehyde  is  practically 
negligible.  In  this  series  of  experiments  eggs  were  cultured  in  1, 
5,  10,  20,  25,  30  and  35  per  cent  solutions  of  formaldehyde,  and 
at  the  end  of  three  days  motile  embryos  were  noted  in  every  case. 


Eggs  cultured  in  comniei-i.-ial  tDrnialdehvdc  (  an  approximate  40 
per  cent  solution )  showed  ininiotile  embryos  in  a  good  many  of 
the  cases  ten  days  later,  while  most  of  the  eggs  were  still  undi- 
vided and  apparently  in  a  state  of  preservation.  As  has  been 
previously  stated,  Foster  (1 !)!())  notes  that  ascarid  eggs  could  be 
kept  alive  for  months,  even  years,  in  formalin,  and  that  it  is  a 
very  satisfactory  medium  in  whicli  to  incubate  ascarid  eggs. 
Foster  (191G)' cites  Morris  (  i;il  1  i.  who  kept  some  feces  contain- 
ing eggs  of  Ascar'ts  liimbricmdcs  in  a  'I  per  cent  solution  of 
formalin  for  two  years,  at  the  end  of  which  time  he  found  some 
of  the  eggs  contained  actively  motile  embryos. 

V0L.\TILK  OII.S   .\.\1)   (ITIIKK    KK.XDII.V    \OL.\TILE   AGKNTS. 

This  category  comprises  a  numlK  r  of  substances  belonging  to 
a  variety  of  chemical  groups,  and  1ki\  int^  in  common  the  ])ropcrty 
of  being  only  sparingly  soluble  in  water  and  remaining  solid  or 
liquid  at  ordinar}-  temperatures,  hui  \olatilizing  readily.  'I'Ik' 
chief  substances  of  this  group  that  were  tested  are:  ehlorotorm. 
ether,  oil  of  chenopodium,  oil  of  turi)cnliiie.  ti)lucii  and  xylol. 

Chloroform:  Eggs  kc|)t  in  this  medium  were  found  de.ul  at 
the  end  of  three  days.  The  eggs  were  well  cleared,  the  nuclear 
membrane  was  well  outlined  and  the  nuclear  material  within  was 
verv  nuich  cleared.     The  inner  membrane  was  invisible. 

Ethvl  Ether:  Eggs  in  this  medium  were  found  de.id  at  the 
end  of  three  days. 

Oil  of  Chciiopodiiini:  ICggs  in  this  medium  at  the  end  of  three 
days  showed  no  development,  being  apparently  preservcil.  .\t  the 
end  of  five  days  some  eggs  showed  signs  of  division,  hut  most  ot 
the  eggs  were  distorted  and  apparently  de.id.  At  the  end  nl  seven 
days  the  eggs  were  very  clear,  and  were  hieakiuL;  down  and 
shrinking  decidedly. 

Oil  of  Turpentine:  I'-ggs  reared  in  this  medium  sh()we<l  motile 
embryos  in  a  great  many  cases  at  the  end  of  live  days.  A  <,'re.it 
many  of  the  eggs,  however,  were  deformed,  being  flattened  on 
one  side  and  show-ing  very  little  development.  -At  the  end  of 
seven  days  the  embryos  that  had  developed  were  dead,  most  of 
the  eggs  being  flattened  on  one  side  and  decomposin;.;. 

Toluol:  Eggs  in  this  medium  showed  embryo  developineiii  in 
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one  or  two  cases  at  the  end  of  three  days,  but  nearly  all  the  eggs 
were  cleared  and  were  undergoing  degeneration.     Where  embryo 
development  was   noted,   the  embryos  were  in  a   poor  state  of 
preservation,  being  immotile  and  breaking  down. 

Xylol:  Eggs  in  this  medium  showed  embryo  development  at 
the  end  of  three  days,  but  the  embryos  were  apparently  dead. 

The  ova  of  T.  liinbata  thus  do  not  appear  to  be  very  resistant 
to  the  action  of  the  volatile  agents  used. 

MISCELL.\XE0US  AGENTS. 

This  group  comprises  hydrogen  peroxide,  which  is  known  to 
possess  very  powerful  bactericidal  properties,  due  to  its  oxidiz- 
ing effect  on  organic  matter  (diluted  to  0.015  per  cent  it  destroys 
all  vegetative  forms  in  a  few  minutes),  and  preparation  X*  a 
hypochlorite  (a  mixture  of  sodium  hypochlorite,  sodium  chloride, 
calcium  chloride,  calcium  hypochlorite,  made  alkaline  with  lime 
water  and  containing  3  to  4  per  cent  of  available  chlorine). 

Eggs  kept  in  hydrogen  peroxide  (commercial  3  per  cent  solu- 
tion) showed  some  motile  embryos  at  the  end  of  six  days,  but 
most  of  the  eggs  were  undivided  and  apparently  killed. 

Eggs  kept  in  a  full-strength  solution  of  gerni-X,  which  has  a 
phenol  coefficient  of  10-|-  and  which  is  advocated  in  strengths  of 
one  fluid  ovuice  (two  tablespoonfuls)  to  one  or  two  gallons, 
showed  motile  embryos  at  the  end  of  three  days. 

Thus,  hydrogen  peroxide  and  a  hypochlorite,  both  widely  used 
in  bactericidal  disinfection  with  much  success,  were  both  ineffec- 
tive against  the  ova  of  T.  liinbata  in  much  more  concentrated 
strengths  than  those  advocated  for  bacterial  disinfection. 

EFFECTS   OF   MOISTURE,   TEMPERATURE,   ETC.,   ON   TlfE    RATE    OF 
DEVELOPMENT  OF  THE  OVA  OF  TOXASCARIS   LI  MB  AT  A. 

To  determine  the  effect  of  lack  of  moistiu'e  on  the  develop- 
ment of  the  ova  of  T.  liinbata,  some  feces  were  screened  and  then 
spread  over  filter  paper  and  allowed  to  dry  at  room  temperature 
(24  to  29.5°  C).  Three  days  after  the  feces  were  thus  treated, 
actively  motile  embryos  were  found.  The  lack  of  moisture  thus 
apparently  seemed  to  hasten  embryo  development  of  the  ova. 


To  determine  the  effects  of  temperature  on  the  rate  of  devel- 
opment of  the  ova,  eggs  were  screened  and  cultured  in  water  to 
which  5  per  cent  potassium  dichromate  had  been  added.  One 
culture  was  placed  in  the  incubator  and  kept  at  a  temperature  of 
37.8°  C,  another  in  an  oven  at  a  temperature  of  49  to  60°  C.  for 
twenty  hours,  and  the  other  placed  in  the  refrigerator  at  a  tem- 
perature of  10°  C.  At  the  end  of  three  days,  motile  embryos 
were  found  in  the  eggs  kept  in  the  incubator,  those  kept  in  the 
oven  were  dead,  while  those  in  the  refrigerator  showed  very  little 
development.  At  the  end  of  eight  days  the  eggs  in  the  refrig- 
erator were  showing  division,  and  at  the  end  of  fifteen  days  were 
very  highly  segmented.  At  the  end  of  twenty-eight  days  the  eggs 
were  still  highly  segmented,  but  no  embryos  were  found,  and  at 
the  end  of  thirty-eight  days  actively  motile  embryos  were  found. 

Low  temperatures  thus  retard  the  development  of  the  ova  of 
7".  linibata  (thirty-eight  days  for  embryo  dcvclo])nK'nt  at  10'  C. )  : 
rooni  t(.-iiii)iTaiurt's.  'i  1  to  :!:!  C".,  arc  xcvy  ta\(>ral)lc  for 
their  devel()])ment.  while  temperatures  of  4ii  to  (is  C  .  tor  several 
hours  apparently  kill.  It  is  interesting  to  note  that  W'liarton 
(HI]."))  finds  that  the  0|)limuin  temperature  tor  the  (levelo])ment 
of  the  ova  of  .Iscaris  litiiibricoidcs  is  about  :5()"  C  and  that  at  the 
temperature  of  '■'>','  C.  the  ova  are  killed  after  some  time.  ,uk1 
above  this  tenqjerature  they  die  rapidly.  We  also  lind  that  low 
temperatures  retard  the  development  of  the  ova  of  this  species 
without  killing.  He  further  states  that  pig  and  calf  ascarid  eggs 
must  be  completely  developed  before  exposure  to  :i  tem])erature 
of  3T'  C  or  they  die.  while  horse  and  dog  asciriil  o\  a  deveio])  :it 
this  temperature. 

To  determine  the  effect  of  tiie  (jxygen  Mipjily  and  i)ai.terial 
action  on  the  develojiment  of  the  ova  of  7'.  Hiiilnita.  the  following 
tests  were  made:  Unscreened  feces  containing  ova  were  placed 
in  tap-water  and  at  the  end  of  eighteen  days  all  the  eggs  were 
apparently  dead,  the  nuclear  material  showing  signs  of  decompo- 
sition. 

.Screened  ova  were  placed  in  tap-waler.  ,-in<i  at  tiic  em!  of 
thirty  days  very  little  deveiopiiu-nt  ua^  iiotiicalilc  most  of  the 
eggs  undergoing  degeneration. 

Screene<l  ova  were  ])laced  in  di>tille<l  water.  ;ind  at  the  iml  of 
fifteen  days  motile  embryos  in  g<jo<l  condition  were  found. 


Screened  and  unscreened  ova  were  placed  in  ta[)-\vater  with 
10  j)er  cent  potassium  dichromate  added,  and  at  the  end  of  three 
days  actively  motile  embryos  were  noted. 

The  failure  to  obtain  development  in  the  first  two  cases 
(screened  and  unscreened  feces  in  tap-water)  is  probably  due  to 
bacterial  and  other  growths  in  the  culture  which  utilize  a  large 
aniduni  of  the  available  oxygen,  or  even  may  excrete  toxins 
detrimental  to  the  development  of  the  ova.  In  the  latter  cases, 
where  the  possibility  of  bacterial  grovv-th  is  reduced  to  a  minimum 
and  thus  more  available  oxygen  supplied  to  the  ova,  development 
is  hastened.  It  is  interesting  to  note  that  Wharton  (1915)  found 
that  the  eggs  of  Ascaris  liiiiibricoidcs  developed  rapidly  in  tap- 
water  and  irregularly  or  died  in  distilled  water.  His  results  are 
just  the  reverse  of  those  that  I  have  obtained  with  the  ova  of 
T.  limbata. 

It  is  also  interesting  to  note  the  results  of  the  experiments  of 
Stiles  and  of  Stiles  and  Gardner  (1911)  on  the  fermentation  in 
water  of  the  eggs  of  Ascaris  himbricoidcs  and  Nccator  amcri- 
caniis.  Fecal  material  kept  in  water  and  examined  after  68,  117, 
144,  3i;,  232,  349,  357  and  358  days  showed  all  the  hookworm 
eggs  identified  were  dead.  The  longest  period  of  time  after  which 
they  were  able  to  find  live  hookworm  (Nccator  aiitrricaniis) 
eggs  under  those  conditions  was  seventy  days.  The  longest 
period  after  which  they  were  able  to  find  Ascaris  Ininbricoides 
eggs  was  117  to  121  days.  Fermentation  for  four  months  in  an 
L.  R.  S.  privy  is,  therefore,  advocated  for  killing  all  the  hook- 
worm eggs,  and  fermentation  for  three  months  for  killing  nearly 
all,  probably  all,  the  hookworm  eggs. 

It  is  held  that,  apart  from  the  question  of  concentration,  the 
action  of  an  ovacidal  agent  depends,  biologically,  on  the  resistance 
of  the  ova  and  on  the  temperature ;  and,  physically,  on  the 
capacity  of  the  articles  under  examination  to  absorb  moisture. 
The  concentration  of  the  ovacide  is  held  to  stand  in  direct 
relation  to  its  action,  within  certain  limits,  but  if  the  concentration 
be  very  high  the  action  is  only  slightly  increased,  whereas,  con- 
versely, extreme  dilution  weakens  the  etifect  but  slowly — though 
this  is  not  ahvays  true,  the  effect  alternating  rapidly,  up  or  down, 
when  the  concentration  is  modified.  The  resisting  power  of 
parasitic  ova  has  already  been  mentioned,  and,  so  far  as  the  tem- 
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perature  is  concerned,  its  influence  is  based  on  the  physiologically 
vital  processes  of  the  ova.  An  organism  which  is  cooled  below 
its  optimum  temperature  gradually  passes  into  a  state  in  which 
the  processes  of  nutrition  and  development  are  almost  entirely 
suspended,  according  to  the  degree  of  cooling  given.  In  this 
condition  the  ova  have  a  corresponding  low  tendency  to  undergo 
chemical  changes,  and  the  ovacidal  effect  diminishes  in  intensity. 
On  the  other  hand,  the  cell  is  far  more  open  to  chemical  attack 
at  its  optimum  temperature,  at  which  all  the  vital  processes,  and 
therefore  all  the  chemical  reactions,  go  on  best,  while,  as  the 
temperature  is  raised  above  this  point,  the  tendency  of  the  ova 
to  decompose  increases,  and  they  fall  an  easier  ])rey  to  the 
destructive  action  of  poison.  ficncc,  tlic  action  of  o\aci<lal 
agents  is  facilitated  by  a  rise  in  tem])irature.  Since  the  eggs  in 
these  experiments  were  cultured  at  room  tem])eratures  which 
varied  between  21°  C.  and  '.V.).2°  C.  the  higher  range  of  tempera- 
tures persisting  over  night  Ian  intiTval  of  fifteen  hours),  the 
various  chemical  agents  were  given  optimum  conditions  under 
which  to  o])erate. 

SU.M.MAKV. 

I'arasitic  ova  are  ver\'  resistant  to  various  chemical  disinfec- 
tants. 

The  usually  advocated  germicidal  strengths  are  markedly 
effective  against  the  ova  of  To.vascaris  liinbala  for  ni.iny  sub- 
stances. 

The  ova  of  7'.  liinluila  show  surprising  resistance  toward 
acids,  alkalis  ( especially  against  caustic  soda  and  lime )  and 
metallic  salts. 

Hthyl  alcohol  in  strengths  up  to  Id  per  cent  and  fonnaldehyde 
in  varying  strengths  u])  to  apiiro.ximately  10  per  cent  are  remark- 
ably inelTective  in  their  ovacidal  action  against  the  ii\a  oi  '/'. 
limbala. 

The  ]jheiiol  deri\ati\e>.  |iiiniarily  liie  cresols  which  ha\e  been 
dissociated  by  means  of  soaj)  Milulions.  such  as  preparations  ./,  B. 
C,  D  and  li  ( varying  in  their  lethal  action  (jn  ])arasitic  ova  accord- 
ing lo  their  corrosiveness),  offer  the  best  possibilities  as  ovacidcs 
against  parasitic  ova  of  all  substances  tested. 

Most  of  the  volatile  disinfectants  are  ,ip]i;irently  edicacious  in 
killing  the  ova  of  T.  liiiibtila. 
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The  ova  of  7".  liinbata  are  evidently  very  resistant  to  condi- 
tions of  drought  and  to  low  temperatures,  and  require  an  ample 
supply  of  oxygen  for  the  best  development.  Rapid  development 
is  possible  at  temperatures  as  high  as  37.8°  C,  but  the  ova  are 
killed  at  temperatures  of  49  to  60°  C,  and  development  is  mate- 
rially retarded  at  temperatures  as  low  as  10°  C. 

The  writer  wishes  to  take  this  occasion  to  very  gratefully 
acknowledge  the  invaluable  advice  and  assistance  of  Dr.  M.  C. 
Hall,  through  whose  instigation  this  work  was  conducted. 
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A  NEW  FLUKE  FROM  THE  DOG. 

Meyer  \\'igdok.  M.A. 

From    the   Rese.irch    Laboratory   of    Parke,    Davis   &   Co.,    Detroit,   Mich. 

Recently  Hall  and  Wigdor  (191S)  reported  the  occurrence  of 
two  new  flukes,  Alaria  americana  and  Alaria  michiganensis,  in 
Detroit  dogs,  which  were  the  first  authentic  cases  of  intestinal 
fluke  infestation  of  dogs  in  North  America.  In  fact,  the  only 
fluke  that  appears  to  have  been  reported  from  dogs  in  the  United 
States  is  Paragonimus  kellicotti,  which  occurs  as  a  pulmonary 
parasite  of  dogs,  cats  and  swine. 

In  our  series  of  350  dogs  examined  postmortem  at  Detroit, 
intestinal  flukes  were  found  in  8  animals,  A.  americana  and  A. 
michiganensis  being  represented  in  7  of  these  and  a  new,  hereto- 
fore undescribed.  species  (  12  specimens)  in  the  other. 

An  examination  of  this  new  species  of  fluke  shows  that  it  falls 
into  the  sub-family  Opisthorchiinse,  but  it  cannot  be  correlated 
with  any  well-established  genus  within  that  group,  and  hence  has 
been  placed  in  a  new  genus,  Hallum.  Wigdor,  1918. 

This  genus  appears  to  fill  a  gap  in  the  genera  of  the  sub- 
family Opisthorchiinas  as  regards  the  extent  of  the  vitellaria.  In 
the  genus  Opisthorchis,  the  vitellaria  are  confined  in  the  area 
posterior  to  the  acetabulum  and  anterior  to  the  ovary  and  testes; 
in  the  genus  Amphimcrits  the  vitellaria  do  not  extend  anteriorly 
beyond  the  acetabulum  and  frequently  extend  posteriorly  to  or 
beyond  the  posterior  testis;  in  the  genus  Mctorchis  the  vitellaria 
extend  anteriorly  beyond  the  acetabulum  and  do  not  extend 
beyond  the  ovary  and  testes ;  in  the  genus  Hallum.  however,  the 
vitellaria  extend  anteriorl}'  beyond  the  acetabulum  and  poste- 
riorly beyond  the  ovary  and  testes. 


Figure   1.     IIAM.UM  CAMNLM.     iJtiKSAI.   VIKW. 

o.s.    =    ural     sucker;     ph.    ^   pharynx;     C9..  ^    esophagus;     int.    =    intestine; 

V.    =    vitellaria;     g.p.    =    genital     pore;     ac.    =    acclabuUim;     ut.    =    uterus; 

o.     =    ova;      t.     =     testes;      ov.     =    ovary;      r.s.     =    rcccptaculum      seminis; 

L.C.  ~  Laurer's  Canal. 
FiGunes  2-3.     Hallum  caniniim  Ova   X   2.10. 
Figure  4.     Ilallum  canintim  X  .'i. 
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Members  of  the  sub-family  Opisthorchiinse  have  been  reported 
as  occurring  in  the  bile  ducts  or  gall  bladder  of  man,  mammals, 
birds,  reptiles  and  fish,  this  being  the  first  report  of  the  occur- 
rence of  one  of  the  species  of  this  group  as  an  intestinal  parasite. 

SUB-FAMILV    OPISTIIORCHIINAE,    LOOSS,    1899. 

Sub-family  diagnosis — Fasciolidse  of  medium  size,  with  slen- 
der elongated  body,  noticeably  tapering  anteriorly.  Suckers  near 
each  other  and  generally  not  strongly  developed.  Pharynx  pres- 
ent. Esophagus  short  and  slender,  intestinal  ceca  long  and 
simple.  Excretory  system  Y-shape,  arms  short,  main  stem  long 
and  S-shape.  winding  between  the  testes.  Genital  pore  median 
and  anterior  to  the  acetabulum.  Copulatory  organs  present. 
Testes  close  together  in  the  posterior  end,  the  one  more  or  less 
obliquely  behind  the  other.  Laurer's  canal  present.  Recepta- 
culum  seminis  very  strongly  developed.  Uterine  coils  anterior  to 
the  ovary.  Vitellaria  strongly  developed,  lateral  of  the  intestinal 
ceca. 

GENUS  H.\LLUiI.  WIGDOR,  1918. 

Generic  diagnosis — Thin,  flattened,  transparent  forms,  with 
bodv  often  attenuated  at  anterior  extremity  and  a  posterior 
broader  end ;  anterior  end  sometimes  constricted  at  the  level  of 
the  acetabulum ;  anterior  extremity  frequently  covered  with 
small,  retrose  spinelets.  Suckers  quite  widely  separated.  Aceta- 
bulum larger  than  the  oral  sucker.  Digestive  tract  with  distinct 
muscular  pharynx,  short  esophagus  and  two  long  simple  intes- 
tinal ceca.  Genital  pore  median,  immediately  anterior  to  the 
acetabulum.  Copulatory  organs  absent.  Testes  in  posterior 
portion  of  the  body,  simple  or  lobate,  the  one  oblic^uely  posterior 
to  the  other.  Ovary  slightly  anterior  to  testes,  either  simple  or 
slightly  lobed.  Laurer's  canal  and  receptaculum  seminis  present. 
Uterine  coils  anterior  to  ovary  and  generally  do  not  extend  over 
the  intestinal  ceca.  Vitellaria  in  one  region  well-developed. 
extending  cephalad  beyond  the  acetabulum  and  posteriad  beyond 
the  posterior  testis ;  vitellaria  lateral  of  the  intestinal  ceca  in 
post-acetabular  region  and  often  extending  median  in  preaceta- 
bular  region. 

Type  species — Halliim  caninutn.  W'igdor,  1918. 
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species  hallum  caninum.  wigdor,  1918. 

Specific  diagnosis — Body  flat  and  transparent;  anterior  por- 
tion bluish  and  posterior  whitish ;  anterior  portion  either 
attenuated  or  constricted  in  the  region  of  the  acetabuhun. 
Anterior  portion  of  body  usually  covered  with  small  retrose 
spinelets.  Length  of  body  O.DO'^-l.lU'i  mm.  Width  at  widest 
])art  0.4:51-0.470  mm.  Oral  sucker  sub-terminal  0.066-0.104 
mm.  in  diameter.  Length  of  pharynx  0.066-0.080  mm.  Eso- 
phagus very  short,  0.040-0.060  mm.  long.  Intestinal  ceca  usually 
equal,  extending  to  the  posterior  end  of  the  body.  Acetabulum 
much  larger  than  oral  sucker,  measuring  0.136-0.184  mm.  in 
diameter,  and  situated  somewhat  anteriad  of  the  middle  of  the 
body.  Genital  pore  prominent,  median,  at  anterior  margin  of  the 
acetabulum.  Ovary  usually  slightly  anterior  to  testes,  oval  or 
elliptical  in  shape  and  usually  smooth  in  outline.  Cirrus  pouch 
absent.  Testes  approximately  in  posterior  eighth  of  body,  one 
obliquely  behind  the  other,  usually  orbicular  or  oval  in  shape 
and  either  smooth  or  lobed  in  outline.  L^tcrine  coils  well  devel- 
oped, filling  a  good  portion  of  the  body  between  the  intestinal 
ceca,  the  ovary  and  the  acetabulum,  the  coils  not  extending  over 
the  intestinal  ceca.  Laurer's  canal  and  receptaculum  seminis 
present,  but  usually  not  very  prominent.  Vitellaria  well 
developed,  extending  O.r.iO-0.220  mm.  anteriad  of  the  aceta- 
bulum and  posteriad  beyond  the  posterior  testis,  filling  up  most 
of  the  posterior  portion  of  the  body  posteriad  of  the  testes.  The 
vitellaria  usually  extend  laterad  of  the  intestinal  ceca  in  the  post- 
acetabular  portion  of  the  body,  but  usually  extend  over  the 
intestinal  ceca  to  the  middle  of  the  body  anteriad  of  the  aceta- 
bulum. Eggs  reddish  brown,  with  a  distinct  lid  and  opercular 
rim,  measuring  0.032-0.04S  mm.  iiy  0.018-0. 032  mm. 

Host — Caiiis  faiiiiliaris. 

Location — Small  intestine. 

Locality — Detroit,  Mich. 


Barker,    Fninklin   D.,    19H.     The   trcmatode   genus    Ofislhorchis.     Arch.    dc.   Parasit., 

V.    M,   p|).    r>lS.601,    pi.    17-20. 
Hall,   Maurice  C,  and   Meyer   Wigdor,   1918.     Two   new   flukes   from   the  dog.     Jour. 

A.   V.  M.  A.,  V.  63,  .V.S..  V.  0,  No.  5,  pp.  016-020.  7  figs. 
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A  NOTE  ON  THE  EFFECT  OF  COLD  ON  THE  DEGREE 
OF  PARASITIC  INFESTATION. 

AIeVER  W'lGDOK,   M.A. 
From  the  Research  Laboratory  of  Parke,  Davis  &  Co.,   Detroit,  Mich. 

In  our  anthelmintic  investigations  conducted  throughout  the 
winter  of  1016  and  up  through  January,  1918,  about  300  Detroit 
city  pound  dogs,  which  were  fairly  representative  of  almost  all 
breeds  of  dogs,  except  the  toy  varieties,  were  used.  During  this 
period  suitable  infested  animals  for  anthelmintic  treatment  were 
readily  obtainable,  for  a  very  large  percentage  of  the  dogs  were 
infested  with  internal  parasites. 

Of  close  to  400  dogs  that  were  examined,  about  100,  or  35 
per  cent,  were  rejected  for  experimental  purposes  on  the  strength 
of  a  negative  fecal  examination,  which  does  not,  however,  prove 
that  they  were  not  infested  with  intestinal  parasites.  There  may 
be  worms  present  in  spite  of  the  absence  of  ova  in  the  feces,  for 
the  worms  might  be  all  males,  or  the  females  might  be  immature 
or  so  few  in  number  that  egg  production  is  very  limited,  and 
hence  undetected,  or  egg  production  might  be  inhibited  by  several 
factors.  Dogs  which  show  negative  fecal  findings  on  examina- 
tion, when  examined  postmortem,  are  found  to  be  infested.  Of 
the  300  dogs  examined  postmortem,  271,  or  'J3  per  cent,  were 
found  infested  with  intestinal  parasites.  Thus,  271  dogs  out  of 
400,  or  about  68  per  cent  of  the  Detroit  dogs  examined,  were 
surely  infested,  and  since  some  of  the  100  dogs  that  were 
rejected  would  be  found  on  postmortem  examination  to  be 
infested,  it  can  safely  be  asserted  that  more  than  seven  out  of  ten 
Detroit  dogs,  under  normal  conditions,  are  infested  with  intestinal 
parasites. 

Detroit  dogs  are  infested  with  two  species  of  ascarids, 
Bclascaris  iiiargiiiata  and  Toxascaris  linibata.  Of  the  two  species, 
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Bclascaris  marginata  was  apparently  the  commoner  one  met  with 
in  our  first  series  of  300  dogs.  Of  our  first  67  infested,  47,  or 
70  per  cent,  were  infested  with  ascarids,  and.  according  to  Hall 
(lyiT),  all  that  were  examined  proved  to  be  Bclascaris  marginata. 
Of  the  271  in  the  series  of  300  infested,  144,  or  53  per  cent,  were 
infested  with  ascarids.  a  large  number  of  which  proved  to  be 
T.  liiiibata. 

Next  to  the  ascarids  in  the  frequency  of  nematode  infesta- 
tions are  the  whipworm.  Tricliiiris  dcprcssiitscula.  which  occurred 
in  111  of  our  271  infested  dogs,  or  in  41  per  cent,  and  the  hook- 
worm, Ancylostoma  caiiiiiuiii,  which  occurred  in  f^!<  of  our  271 
infested  dogs,  or  in  33  per  cent. 

Thus,  with  53  per  cent  of  our  Detroit  dogs  infested  with 
ascarids,  41  per  cent  with  whips,  and  33  j)er  cent  with  hook- 
worms, very  suitable  material  for  anthelmintic  investigations  was 
always  at  hand.  During  the  last  few  months,  however — that  is, 
during  the  latter  ])art  of  February.  March,  April  and  May,  1918 
— approximately  50  out  of  (iO  dogs  examined  showed  negative 
fecal  examinations  wiili  an  almost  total  absence  of  hookworm 
infestation.  Furtheniiorc.  the  sjiccics  of  ascarid  met  with  was 
not  the  expected  common  B.  marginata,  but  the  rarer  of  the  two 
ascarid  species,  T.  linibala.  This  marked  falling  ofY  of  parasitic 
infestation,  as  evidenced  by  negative  fecal  examinations,  which 
is  not,  as  has  been  stated  before,  entirely  conclusive  evidence  of 
the  absence  of  intestinal  parasitism,  is  ap])arcntly  due  to  the 
unusually  prolonged,  severe  winter  experienced  this  last  year 
(1917-1918).  It  has  been  known  that  cold  will  retard  the  devel- 
opment of  parasitic  ova,  and  Stiles  (lllO.Sj  in  regard  to  the  effect 
of  temperature  on  the  hookworm  eggs  of  man  says :  "Cold 
retards  and  heat  hastens  the  development  of  the  eggs  and 
embryos ;  a  freezing  temjjerature  of  24  to  48  hours'  duration,  it 
is  said,  kills  both  eggs  and  embryos."  During  this  past  winter, 
when  the  thermometers  about  Detroit  registered  as  low  as  -20° 
and  remained  around  zero  for  several  days,  the  ojiportunity  for 
develo])ment  of  most  jjarasitic  ova  was  reduced  to  a  minimum. 

Tile  greater  frequency  of  7'.  Umhata  in  our  dogs  is  apparently 
dire  to  the  greater  resistance  of  its  ova  to  extreme  tciui)eratures. 
The  ova  of  T.  Umhata  are  ])rovided  with  a  double-contoured 
cliitinous  shell  and  an  imicr  coat  marked  with  interlacing  stria- 
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tions  suggesting  fibres,  which  apparently  ail'ords  the  egg  great 
protection  against  low  temperatures.  I  have  obtained  embryo 
development  in  the  ova  of  T.  limbata  in  35  days  at  a  temperature 
of  10°  C.  At  room  temperatures,  21-33°  C,  embryo  development 
was  noted  in  2  to  3  days.  Thus,  temperatures  as  low  as  10°  C. 
merely  tend  to  retard  the  development  of  the  ova  of  T.  limbata. 
Ova  such  as  those  of  B.  margiiiata  and  Ancylostoma  caninnm, 
which  have  no  such  highly  developed  shell,  are  undoubtedly 
unable  to  withstand  the  vicissitudes  of  low  temperatures  for  any 
length  of  time. 

It  is  interesting  to  note  the  results  of  the  frequencies  of 
parasitic  infestations  of  dogs  in  regions  south  of  Detroit,  where 
warmer  climate  would  evidently  promote  the  development  of 
parasitic  ova,  and  hence  the  degree  of  parasitic  infestation. 

Hall  (1917)  found  that  of  7G  infested  dogs  examined  at 
Washington,  D.  C,  G7  per  cent  of  the  dogs  had  ascarids,  57  per 
cent  had  whipworms,  and  71  per  cent  had  hookworms. 

Wharton  (1917)  found  97. -15  per  cent  of  the  118  dogs  exam- 
ined in  the  Philippine  Islands  infested  with  intestinal  parasites. 
Only  (>.77  per  cent  of  the  dogs  were  infested  with  T.  limbata, 
which  is  surprisingly  low.  Wharton  states  in  regard  to  their 
small  numbers :  "The  percentage  of  infestations  with  this  form 
was  much  lower  than  I  had  expected  to  find  it,  and  the  number 
of  worms  present  in  each  case  was  very  small.  The  fact  that 
the  majority  of  the  dogs  examined  were  full  grown  may  account 
for  the  small  per  cent  shown.  A  veterinary  surgeon  informs  me 
that  this  parasite  is  very  frequently  found  in  puppies  here  in 
Manila,  while  they  are  only  rarely  encountered  in  older  dogs. 
Ninety-six  per  cent  of  his  dogs  were  infested  with  hook-worm, 
while  there  is  no  record  of  any  whipworm  infestation. 

A  comparison  of  the  figures  for  271  infested  Detroit  dogs, 
with  70  (Hall)  and  48  (Sommer)  infested  Washington  dogs 
and  with  115  (Wharton)  infested  Philippine  dogs  shows  that 
worm  infestations  are  more  numerous,  as  might  be  expected,  in 
warmer  climates.  Hall  finds  a  greater  percentage  (57  per  cent) 
of  the  dogs  at  Washington,  while  Sommer  finds  a  lower  per- 
centage (28  per  cent)  of  the  dogs  at  ^^'ashington  to  be  infested 
with  ascarids  than  those  at  Detroit  (53  per  cent).  The 
percentage  of  ascarid  infestation  of  both  Detroit  and  Washington 


dogs  is  much  higher  than  Wharton  tigures  {G.tl  per  cent)  for 
Philippine  infestation,  which  is  rather  surprising.  In  regard  to 
hookworm  infestation,  the  figures  show  just  what  would  be 
expected.  Philippine  dogs  show  the  highest  percentage  of 
hookworm  infestations,  96.6  per  cent ;  \\'ashington  dogs  rank 
second,  with  71  per  cent  (Hall)  and  56  per  cent  (Sommer), 
while  Detroit  dogs  show  the  smallest  percentage,  35  per  cent ;  the 
farther  North  we  go,  the  smaller  the  degree  of  infestation.  In 
regard  to  whipworm  infestation,  we  find  that  Washington  dogs 
have  a  higher  percentage  of  infestation  (57  per  cent,  according  to 
Hall's  figures,  and  70  per  cent,  according  to  Sommer's)  than 
Detroit  dogs  (41  per  cent). 

It  thus  appears  that  freezing  icnipcratures  of  several  days' 
duration  would  tend  to  diminish  the  degree  of  parasitic  infesta- 
tion, and  it  therefore  seems  feasible  that  manure  or  feces  might 
be  disinfected  against  most  parasitic  ova,  especially  hookworm 
ova,  by  being  kept  at  very  low  temperatures  for  several  days, 
without  destroying  the  value  of  the  manure  as  fertilizer,  were 
this  procedure  practicable. 


Hall,   Maurice  C,  1917.     Parasites  of  the  Dog  iit  Michigan.     /.  A.    I'.  M.  .).,  June, 

N.S.,    V.   4    (3),   pp.    383-390. 
Sommer,  H.  A.,  1896.     Results  of  an  Examination  of  Fifty  Dogs  at  Washington,  D.  C, 

for  animal  parasites.     Vcl.  Hag.,   Phila.,  V.   3    (8).   .\ug.,  pp.  48-487. 
Stiles,   C.    W.,    1903.      Report    upon    the    Prevalence   and    Geographic    Distribution    of 

Hookworm  Disease  in  the  United  States.     Bull.  llyi.  Lab.   10,  second  edition,  pp 

1-122. 
Wharton,    L.    C,    1917.      The   Intestinal    Worms   of    Dogs   in    the    Philippine    Islands. 

Jour.   Parasit.,  V.    4    (2),    pp.    80-82. 

121373 


Studies   from   the   Research  Laboratory. 

Parke,   Davis   &   Co. 

Reprint  No.    185,    1918. 

(RepriaSed   from  the  Xational  Eclectic  Medical  Association   Quarterly,  Vol.    10,  No.   i, 
December,   IfilS,  f.fi.   144-148. 1 

VACCINE  THERAPEUTICS. 

A.  \\'.  Lescohier,  M.D.,  Detroit,  Mich. 

Adequate  conception  of  what  may  be  accomplished  from  the 
use  of  vaccines  and  a  recognition  of  the  Hmitations  of  this  group 
of  products  presupposes  an  understanding  of  the  principles  upon 
which  such  immunization  is  based. 

It  is  not  my  purpose  to  indulge  in  a  wearisome  review  of  the 
subject  of  immunity.  There  are,  however,  certain  phases  involved 
in  the  reaction  of  the  body  tissues  to  antigenic  treatment,  an 
understanding  of  which  appears  essential  to  a  proper  perspective 
of  what  may  reasonably  be  anticipated  from  the  use  of  vaccines. 

Clinical  experience  of  recent  years  has  proved  that  the  results 
from  immunizing  treatment  are  not  entirely  attributable  to  the 
specific  relationship  between  the  antigen  injected  and  the  disease 
treated.  A  number  of  infectious  conditions — including  typhoid 
fever  and  certain  types  of  arthritis — have  been  successfully 
treated,  not  only  with  the  vaccines  representing  organisms  unre- 
lated to  the  infectious  process,  but  with  proteins  of  other  than 
bacterial  origin.  Various  albumoses  and  proteoses,  and  even 
milk,  have  been  thus  employed. 

The  injection  of  such  proteins,  especially  when  made  intra- 
venously, is  followed  by  a  thermal  reaction  and  by  certain  other 
phenomena,  including  leucocytosis.  Such  manifestations  had 
previously  been  noted  in  connection  with  intravenous  injections 
of  bacterial  proteins  and  were  attributed  to  specific  factors.  In 
the  light  of  our  present  knowledge  this  classical  symptom-complex 
following  the  intravenous  injections  of  immunizing  agents  can 
not  be  regarded  as  entirely  of  specific  origin.  Furthermore,  any 
impartial  student  of  immunology  must  recognize  that  the  non- 
specific protein  reaction  is  a  factor  in  the  therapeutic  results  of 
active  immunizing  treatment,  although  its  importance  is  secondary 


to  the  specific  aiiti-bodv  production  elicited  by  the  administration 
of  such  antigens. 

The  reaction  of  the  body  tissues  to  vaccine  treatment  niav  be 
considered  as  involving  three  phases.  The  first  of  these  is  the 
non-specific  protein  stimulation  to  which  reference  has  already 
been  made.    This  is  common  to  all  protein  injections. 

The  second  factor  is  that  of  protein  cleavage  or  bacterial  cell- 
digestion,  a  breaking-up  in  the  tissues  of  the  injected  micro- 
organisms. The  introduction  into  the  animal  body  of  any  foreign 
protein  results  in  the  formation  in  the  tissues  of  specific 
"ferments"  or  "lysins,"  having  for  their  function  the  splitting  up 
of  that  particular  type  of  bacterial  protein,  and  no  other.  In  other 
words,  if  egg  albumin  be  injected,  the  production  of  ferments 
specific  for  the  cleavage  of  this  type  of  protein  is  brought  about 
by  the  body  cells.  If,  on  the  other  hand,  typhoid  bacilli  be  the 
injected  material,  lysins  specific  for  this  organism  are  produced. 
There  is  correlated  with  the  production  of  these  lysins,  in  most 
cases,  the  elaboration  of  other  anti-bodies,  such  as  agglutinins 
and  complement-binding  substances.  The  formation  of  these 
anti-bodies  is  to  be  regarded  for  the  most  part  as  a  phenomenon 
related  to  cell  digestion,  although  their  elaboration  is  also  stinni- 
lated  to  a  certain  extent  by  the  injection  of  disintegrated  bacteria 
(endotoxins). 

The  phase  of  the  immunizing  reaction  which  is  probably  the 
most  important  in  the  treatment  of  acute  infections  is  the  reaction 
of  the  body  cells  to  the  end  products  of  bacterial  cell  digestion ; 
the  response  to  those  substances  released  by  the  splitting  up  of 
the  bacteria  in  the  tissues.  Correlated  with  this  ])hasc  of  the 
immunizing  reaction  is  the  production  of  opsonins. 

This  conce])tion  of  the  immunizing  response  of  the  tissues  to 
antigenic  treatment  explains  why  bacterial  vaccines  have  found 
their  chief  usefulness  either  in  prophylaxis  or  the  treatment  of 
chronic  and  subacute  diseases ;  also,  why  autolysates  or  bacterial 
split  products  have  been  more  successful  in  dealing  with  acute 
fulminating  infectious  processes.  In  utilizing  bacterial  vaccines 
as  pro])hylactic  agents  we  are  endeavoring  to  build  up  a  compre- 
hensive type  of  immunity,  to  equij)  the  tissues  with  the  specific 
resisting  agencies  against  the  ])articular  type  of  infection  involved. 
The  individual   who  has  been   immunized   with   typhoid  vaccine 


lias  in  his  body  those  anti-bacterial  substances  whose  function  it 
is  to  destroy  the  typhoid  bacillus.  In  the  treatment  of  chronic 
and  subacute  conditions,  and  in  protracted  infectious  diseases, 
such  as  whooping-cough,  the  same  condition  for  the  most  part 
exists,  with  the  exception  that  instead  of  providing  against  a 
future  foe  the  body  cells  are  stimulated  to  mobilize  their  anti- 
liacterial  activity  against  one  already  on  the  field.  On  the  other 
hand,  in  acute  infectious  processes  like  pneumonia,  the  contest 
between  the  bacterial  vaccine  and  the  pathologic  process  is  too 
unequal.  The  force  of  the  attack  is  so  tremendous  that  the  slow 
mobilization  of  defensive  elements  through  vaccine  administra- 
tion can  be  of  only  limited  assistance.  The  battle  is  won  or  lost 
by  the  natural  resisting  forces  of  the  patient  before  the  results 
of  vaccine  immunization  can  exert  any  profound  influence. 

It  has  been  previously  stated  that  the  therapeutic  application 
of  bacterial  vaccines  finds  its  chief  field  of  usefulness  in  chronic 
and  subacute  types  of  infection.  Skin  diseases,  the  less  acute 
infections  of  the  respiratory  and  genito-urinary  tracts,  and  the 
more  protracted  infectious  diseases,  are  amenable  to  vaccine 
therapeutics.  The  skin  diseases  in  which  vaccines  have  proved 
especially  useful  are  furunculosis,  sycosis  and  acne. 

Perhaps  in  no  other  conditions  have  better  results  been 
obtained  than  in  furunculosis.  Disturbed  carbohydrate  metabol- 
ism is,  however,  an  important  factor  to  be  considered  in  these 
cases.  The  possibility  of  diabetes  should  always  be  borne  in 
mind,  and  routine  examination  of  the  urine  carried  out.  Aside 
from  diabetes,  there  is  no  question  but  that  most  cases  of 
furunculosis  do  better  on  a  restricted  carbohydrate  diet. 

The  vaccine  treatment  of  acne  is  of  value  only  if  conducted 
with  persistence.  No  permanent  results  are  to  be  anticipated  from 
a  few  weeks'  treatment,  although  there  may  be  a  temporary  dis- 
appearance of  the  lesions.  Enduring  results  can  be  obtained 
only  by  immunization  extending  over  a  period  of  months. 
Furthermore,  in  many  cases  of  acne  of  long  standing  there  are 
malformations  of  the  skin  ducts.  Vaccine  treatment  can  not 
correct  these  anatomical  defects,  and  all  that  we  can  reasonably 
expect  under  such  conditions  is  a  decrease  in  the  inflammation 
and  pustular  characteristics  of  the  lesions. 

Reports  in  the  literature  of  successful  applications  of  vaccines 
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in  psoriasis  have  stimulated  considerable  interest,  but  are  to  be 
accepted  with  reservation.  There  is  no  specific  basis  for  such 
treatment,  and  similar  results  have  been  obtained  from  the  use 
of  other  protein  material,  especially  when  such  treatment  was 
combined  with  the  local  application  of  chrysarobin.  The  results 
are  presumably  to  be  attributed  to  the  protein  reaction  and  not  to 
any  specific  action  of  the  vaccine. 

The  value  of  vaccine  treatment  in  secondary  gonorrheal  con- 
ditions, such  as  infections  of  the  adnexa  and  gonorrheal  rheuma- 
tism, and  the  uselessness  of  vaccine  therapy  in  acute  urethritis, 
have  been  definitely  established. 

Vaccine  therapy  has  been  employed  quite  extensively  and  on 
the  whole  with  favorable  results  in  respiratory  infections, 
including  such  conditions  as  acute  "colds,"  recurring  infections 
of  the  upper  respiratory  tract  and  bronchi,  and  the  secondary 
invasions  of  asthma  and  hay  fever. 

The  earh'  use  of  a  mixed  vaccine  in  acute  "colds"  is 
undoubtedly  of  considerable  value  in  increasing  resistance  and 
will  often  abort  a  '"cold."  Xo  immediate  effects  can  be  antici- 
pated from  the  use  of  vaccines  after  the  respiratory  passages 
have  become  badly  congested,  although  such  treatment  is  prob- 
ably of  some  value  in  shortening  the  duration  of  the  infection. 

The  persistent  use  of  vaccines  in  individuals  subject  to 
repeated  "colds"  is  often  attended  with  very  satisfactory  results. 
It  must  be  remembered,  however,  that  definite  effects  can  be 
anticipated  only  when  the  susceptibility  in  such  conditions  is  due 
to  low  resistance.  Patients  harboring  infective  foci,  such  as 
diseased  tonsils  and  alveolar  pus  pockets,  can  not  be  exjiccted  to 
respond  to  vaccine  treatment  until  these  foci  are  removed. 

\'accine  treatment  can  not  be  expected  to  cure  asthma  or  hay 
fever,  but  may  be  of  considerable  value  in  these  diseases. 

The  value  of  vaccines  in  asthma  is  presumably  <lependent 
u])on  two  factors:  I'irst,  the  stinuilating  effects  of  the  jirotein 
content,  and,  second,  the  relief  of  bacterial  irritation  in  the 
bronchi.  Undoubtedly  the  irritation  of  the  bacterial  invaders  is 
a  fretiucnt  cause  of  asthmatic  ])aroxysms. 

In  hay  fever  bacterial  infection  is  a  secondary  factor,  Imt  erne 
wiiich  may  contrijjute  very  heavily  to  the  distressing  symptoms 
of  the  disease.     Ininmnization  directed  against  the  relief  of  this 
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infectious  element  is  often  of  considerable  value,  but  should  be 
combined    when    possible    with    the    use    of    the    specific    pollen 
concerned. 

During  the  last  few  years  considerable  use  has  been  made  of 
vaccine  therapy  in  ozena,  and  the  results  on  the  whole  appear 
to  have  been  distinctly  favorable.  The  same  is  true  of  vaccine 
treatment  in  otitis  media. 

Variable  reports  have  been  made  concerning  the  results 
obtained  from  the  use  of  vaccines  in  such  acute  infections  as 
whooping-cough,  scarlet  fever,  erysipelas,  typhoid,  pneumonia 
and  puerperal  sepsis. 

There  is  no  question,  in  the  writer's  judgment,  as  to  the  value 
of  pertussis  vaccines  when  used  in  sufficient  dosage  in  the  treat- 
ment of  whooping-cough.  The  duration  of  the  disease  is  usually 
shortened,  there  is  less  tendency  to  paroxysms  and  vomiting,  also 
fewer  complications. 

There  seems  reason  to  believe  also  that  in  erysipelas,  scarlet 
fever  and  typhoid,  vaccines  are  of  some  value.  The  value  of 
vaccines  in  pneumonia  and  severe  types  of  puerperal  sepsis  is 
negligible,  as  their  action  is  too  slow  to  cope  with  the  violence  of 
the  pathologic  process.  The  hope  of  successful  immunization  in 
such  cases,  and  the  best  results  in  the  treatment  of  stxch  conditions 
as  erysipelas  and  typhoid,  lie  in  the  utilization  of  autolysates  or 
bacterial  split  products.  Serum  treatment  is  useful  in  pneumonia 
due  to  a  certain  type  of  pneumococcus,  the  so-called  Type  L 

It  is  desired  to  refer  briefly  in  conclusion  to  the  frequently 
raised  question  of  the  respective  values  of  autogenous  and  stock 
vaccines. 

Turning  over  the  leaves  of  medical  publications,  we  not  infre- 
quently see  the  title  "Autogenous  Versus  Stock  Vaccine,"  as 
though  these  were  diametrically  opposed  and  irreconcilable  lines 
of  medication.  There  is  nothing  about  autogenous  and  stock 
vaccines  which  should  bring  them  in  conflict,  nor  would  this  spirit 
of  controversy  arise  so  frequently  if  the  discussions  were  not 
often  tinctured  with  personal  interests.  Both  lines  of  treatment 
are  of  value  and  each  has  its  definite  indications. 

Theoretically,  autogenous  vaccines  are  ideal,  and  there  is  no 
question  but  that  in  their  practical  application  brilliant  results  are 
often  accomplished.     There  are,  however,  certain  disadvantages 


which  militate  against  the  universal  use  of  autogenous  prepara- 
tions. 

In  the  first  place,  technical  difficulties  exist.  An  autogenous 
vaccine,  to  be  of  the  greatest  efficiency,  must  be  made  by  a  well- 
trained  bacteriologist  with  ample  facilities  for  carrying  out  the 
necessary  work.  Such  conditions  do  not  universally  prevail.  The 
sending  of  the  specimen  by  the  clinician  to  a  considerable  distance 
is  not  always  practical,  because  the  physician  may  not  understand 
how  the  culture  should  be  taken  or  the  proper  media  to  employ, 
and  because  many  of  the  more  delicate  pathogenic  bacteria,  such 
as  the  gonococcus,  will  not  survive  more  than  twenty-four  hours 
on  recent  isolation,  and  are  killed  by  vicissitudes  in  temperature 
in  a  much  shorter  period  of  time.  Again,  such  organisms  as  the 
acne  bacillus  can  be  isolated  only  by  a  laboratory  man  with 
unusual  experience,  and  then  often  after  weeks  or  even  months 
of  cultural  work. 

The  question  as  to  whether  an  autogenous  vaccine  is  prepared 
with  a  view  of  affording  the  highest  immunizing  value  or  thrown 
together  with  the  least  expenditure  of  time,  expense. or  effort, 
depends,  of  course,  upon  the  honesty  and  competency  of  the 
laboratory  undertaking  its  preparation.  Not  infrequently  in  their 
preparation  no  attempt  is  made  to  isolate  the  various  bacteria 
contained,  the  growth  being  taken  from  the  original  culture,  killed 
and  standardized.  It  is  a  fact  generally  recognized  in  bacteri- 
ologic  work  that  non-pathogenic  bacteria  commonly  grow  luxuri- 
antly under  artificial  conditions,  whereas  the  more  virulent 
disease-producing  bacteria  grow  reluctantly  under  the  same 
circumstances ;  consequently  it  is  obvious  that  a  vaccine  prepared 
as  just  described  would  in  many  cases  represent  a  preponderance 
of  contaminating  non-essential  bacteria  and  a  few  or  none  of  the 
organisms  actually  concerned  in  the  infection.  Aside  entirely 
from  these  technical  questions,  it  must  be  recognized  that  auto- 
genous strains  of  bacteria  do  not  always  constitute  good  antigens. 
There  often  exists  in  chronic  types  of  infection  a  condition  of 
"symbiosis,"  or  mutual  tolerance,  between  the  invading  bacteria 
and  the  immunizing  forces  of  the  ])aticnt.  Tiic  use  of  autogenous 
strains  under  such  conditions  may  be  quite  valueless.  This  has 
been  demonstrated  both  by  laboratory  work  on  the  animals  and 
clinical  observation  of  the  opsonic  index   in   tlirdnic   infections. 


The  use,  in  such  patients,  of  polyvalent  stock  vaccines,  represent- 
ing strains  selected  for  their  high  antigenic  value,  constitutes  a 
much  more  promising  therapeutic  measure. 

The  conditions  in  which  autogenous  vaccines  would  be  of  the 
greatest  efficiency  are  the  acute  infections,  since  here  we  are 
dealing  with  active  strains  of  bacteria.  Unfortunately,  however, 
in  most  of  these  the  time  element  render?  their  use  impracticable, 
since  the  physician  can  not  wait  for  from  three  days  to  a  week 
to  have  a  vaccine  prepared. 

Finally,  vaccine  therapy  is  by  no  means  to  be  regarded  as  a 
panacea,  but,  intelligently  applied,  constitutes  a  valuable  adjunct 
to  the  other  measures  available  for  dealing  with  various  types 
of  infection. 
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THE  EFFECT  OF  ALCOHOL  ON  PITUITARY  EXTRACT. 

By  Herbert  C.  H.\.miltox. 

From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  Michigan. 

It  not  infrequently  happens  that  when  a  salesman,  detail  man 
or  other  member  of  a  firm  of  manufacturers  of  pharmaceutical 
products  is  confronted  with  the  statement  that  a  certain  prepara- 
tion fails  to  act  in  its  accustomed  manner,  he  points  out  a  number 
of  possible  factors  in  attempting  to  find  the  cause  in  the  par- 
ticular case. 

Pittenger  presented  a  paper  before  the  Scientific  Section  of 
the  A.  Ph.  A.  1918  meeting  (published  in  the  October  issue  of  the 
Journal)  in  which  he  notes  one  such  instance  where  the  well- 
known  fact  that  alcohol  precipitates  the  active  constituent  of 
pituitary  extracts  had  been  advanced  as  the  possible  explanation 
of  a  failure  of  this  preparation  to  act  on  the  uterus  muscle. 

The  writer,  whose  discussion  of  this  paper  on  the  floor  is  not 
given  in  the  published  proceedings,  corroborated  the  facts  there 
presented  and  noted  that  the  question  had  come  up  on  more  than 
one  occasion  and  that  laboratory  experiments  had  in  every  ca.se 
shown  that  alcohol  in  the  quantity  present  could  not  afifect  the 
activity  of  this  preparation  unfavorably. 

The  subject  seems  important  enough  to  be  carried  somewhat 
further  in  order  to  explain  fully  the  conditions  under  which 
alcohol  can  afi'ect  the  pituitary  extract  unfavorably. 

The  writer  has  observed  that  a  commercial  sample  of  pituitrin 
shows  an  opalescence  from  the  action  of  strong  alcohol  but  that 
a  mixture  of  equal  parts  pituitrin  and  95%  alcohol  shows  no 
permanent  opalescence  and  no  precipitate.  Diluted  and  injected 
into  the  circulation  of  an  anesthetized  dog  in  the  usual  method  of 
testing,  there  is  no  perceptible  lowering  of  its  activity.     This  is 


very  much  in  excess  of  the  possible  alcohol  content  from  washing 
the  syringe  or  the  site  of  injection. 

A  further  experiment  has  been  carried  out  on  a  highly  active 
dry  pituitary  product.  This  material  was  ground  in  a  mortar 
and  rubbed  thoroughly  with  !t5%  alcohol,  adding  successive  por- 
tions and  filtering  the  alcohol  to  obtain  a  clear  solution. 

Three  series  of  tests  were  made  on  the  resulting  products, 
namely,  tests  of  the  dry  material  after  being  washed  with  alcohol, 
tests  of  the  residue  remaining  on  recovery  of  the  alcohol,  first 
an  aqueous  solution  of  this  residue  and  second  a  hydro-alcoholic 
solution  of  the  residue. 

The  results  of  these  tests  showed  that  95%  alcohol  is  not  a 
solvent  for  the  active  principle  nor  has  it  any  deleterious  action ; 
the  active  agent  was  no  less  active,  and  the  residue  from  evapor- 
ation of  the  alcohol  had  neither  pressor  nor  oxytocic  activity. 

The  only  reaction  between  alcohol  and  pituitary  extracts  is 
when  the  former  is  present  in  great  excess,  in  which  case  it  acts 
as  a  precipitant. 
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STUDIES    ON    DERIVATIVES   OF   TRIHALOGEN 
TERTIARY-BUTYL  ALCOHOLS. 

II.       The  Propionic  and  Butyric  Esters  of  Tribromotertiary-butyl  alcohol 
(Brometone). 

By  T.  B.  Aldrich. 

From  the  Research  Laboratory  of  Parke,  Davis  &  Co.,  Detroit,  Michigan. 

A  continuation  of  my  studies  on  derivatives  of  esters  of 
trihalogen  tertiary-butyl  alcohols  has  led  to  the  preparation  of 
the  propionic  ester  as  well  as  the  butyric  ester  of  brometone.  In 
several  attempts  to  prepare  these  esters  direct  from  the  acids, 
using  zinc  chloride  as  suggested  by  R.  Wolflfenstein,  A.  Loewey 
and  M.  Bachstez'  in  the  preparation  of  chloretone  esters,  decom- 
position apparently  took  place  without  formation  of  the  ester, 
invariably  giving  rise  to  a  volatile  substance  very  irritating  to 
the  eyes.  This  method  was  therefore  discarded  and  the  ester 
prepared  by  allowing  the  acid  chloride  to  act  on  the  alcohol.  As 
has  been  emphasized  in  one  of  my  previous  articles-  on  the 
subject  of  esters,  it  is  desirable  to  dehydrate  the  halogen  alcohol 
as  much  as  practicable  by  allowing  it  to  stand  in  a  desiccator  over 
calcium  chloride  (not  sulfuric  acid),  thus  economizing  material. 

The  propionyl  chloride,  as  well  as  the  butyryl  chloride,  was 
prepared  in  the  usual  way  by  allowing  phosphorus  trichloride  to 
act  on  the  purified  acid.  The  fraction  of  propionyl  chloride 
boiling  at  76  to  77.5°  and  that  of  butyryl  chloride  boiling  at  99  to 
100.-5°  (uncorr.)  were  employed  in  the  preparation  of  the  respec- 
tive esters. 


^Bcr.,  48,  2035   (1915). 

=T.   B.  Aldrich  and   C.   P.    Beckwith,    This  Journal,  jS,   2740    (1916). 
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PROPIONIC    ESTER    OF    BROMETONE. 

Four  parts  of  brometone  were  placed  in  a  suitable  flask  and 
one  part  of  the  propionyl  chloride  added.  Most  of  the  brometone 
immediately  dissolved,  and  hydrochloric  acid  gas  was  given  off. 
The  last  portions  of  the  gas  were  driven  off  by  heating  for  some 
time  on  the  steam  bath.  The  contents  of  the  flask  were  then 
shaken  with  100  Cc.  of  10%  sodium  hydroxide,  the  mixture 
heated  on  the  steam  bath  for  a  short  time,  thoroughly  washed 
out  with  water  and  extracted  with  ether.'  The  yield  in  an  impure 
form  in  one  instance  was  73%  of  the  theoretical.  Recrystallized 
from  hot  alcohol,  white  crystals  melting  at  27°  were  obtained. 

Bromine  determinations  (Carius)  carried  out  with  a  product 
recrvstallized  several  times  from  moderately  strong  alcohol  gave 
the  following  results : 

Subst..  0.2276,  0.1987,  0.2237  g.    Bromine,  0.1492,  0.1288,  0.1466  g. 
Calc.  for  C:H„0:Br,:  Br.  6.r39.     Found:  65.5.=;.  64.79,  65.53. 

These  results  arc  sufficiently  near  the  theoretical  requirement 
to  characterize  the  compound  as  the  propionic  ester  without  the 
necessity  of  a  combustion  analysis. 

The  ester  is  extremely  .soluble  in  strong  alcohol,  acetone, 
chloroform,  ether,  glacial  acetic  acid,  benzene,  etc.,  practically 
insoluble  in  water.  It  is  precipitated  as  an  oil  from  its  alcoholic 
solution  by  water.  The  odor  resembles  that  of  the  acetic  esters 
very  closely.  Boiling  with  water  or  10%  sulfuric  acid  decom- 
poses the  ester  slowly,  while  boiling  with  10%  caustic  soda 
decomposes  it  more  rapidly.  It  is  decomposed  into  the  alcohol 
and  acid  very  quickly  by  boiling  a  few  minutes  with  an  excess 
of  cone,  nitric  acid,  conducting  itself  in  this  respect  toward  hot 
nitric  acid  in  the  same  way  as  do  the  acetic  esters,  since  it  is  neces- 
sary only  to  cool  after  boiling  and  add  water  when  the  alcohol  is 
thrown  out  in  the  form  of  a  white  solid.  The  compound 
volatilizes  very  slowly  in  the  air.  and  is  characterized,  similar  to 
the  other  ester  thus  far  studied,  by  its  general  stability. 

R.  Wolffenstein,  A.  Loewrv   and  M.   Bachstcz"   state  briefly 


•On  adding  very  cold  water  during  the  process  of  wasliing,  tlic  oil  eolidiried  com- 
pletely;  on  warming  to  body  temperature,   however,   it  melted. 

>Dfr.,  ./«,   2035    (1916). 
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that  the  propionic  acid  ester  of  chloretone  is  a  yellowish  oil  boil- 
ing at  SS  to  90°,  at  14  mm.  It  has  not  been  determined  exactly 
where  the  brometone  ester  boils,  but  it  has  been  shown  with  cer- 
tainty that  it  boils  higher  than  does  the  chloretone  ester. 

BUTYRIC  ESTER  OF  BROMETONE. 

In  the  preparation  of  this  ester,  as  previously  mentioned, 
butyryl  chloride  boiling  at  99  to  100.5°  was  employed. 

The  preparation  of  the  ester  as  well  as  its  purification  was 
carried  out  in  general  according  to  the  method  already  described 
under  the  propionic  ester. 

After  drying  the  ethereal  extract  over  calcium  chloride  the 
ester  was  fractionated  under  reduced  pressure  and  a  fraction 
boiling  fairly  constant  at  144  to  145°  under  13  to  14  mm.  pressure 
obtained. 

Bromine  determinations  ( Carius )  carried  out  with  this  frac- 
tion gave  the  following  results : 

Subst.,  0.2137,  0.2035  g.     Bromine,  0.1351,  0.1291  g. 

Calc.  for  GH,,0,Br-  Br,  63.00.     Found:  63.19,  63.44;  average,  63.21. 

This  ester  has  approximately  the  same  solubilities  as  the 
propionic  ester  and  its  odor  resembles  that  of  the  other  aliphatic 
ester  in  general,  but  there  is  a  faint  suggestion  of  the  presence  of 
butyric  acid.  It  conducts  itself  toward  boiling  water,  sulfuric 
acid,  alkali  or  cone,  nitric  acid  the  same  as  the  propionic  ester. 

The  compound  is  slightly  volatile  with  steam ;  in  the  air  it 
volatilized  very  slowly.  It  is  apparently  less  volatile  than  either 
the  acetic  or  propionic  ester. 

The  following  preliminary  data  relative  to  the  pharmacolog- 
ical tests  were  kindly  furnished  me  by  my  associate,  Mr.  L.  W. 
Rowe: 

"Neither  the  butyric  nor  the  propionic  ester  of  brometone 
appears  to  possess  anesthetic-  properties.  The  propionic  ester  is 
the  more  readily  absorbed  following  hyodermic  injection  and  is 
much  less  irritating  than  the  butyric  ester.  Neither  ester  exerts 
a  very  appreciable  action  upon  the  heart  or  general  circulation,  as 
the  intravenous  injection  of  a  rather  large  dose  of  each  into  an 


anesthetized  dog  caused  only  a  very  slight  fall  in  blood  pressure. 
They  are  both  comparatively  inactive  pharmacologicallv,  due  to 
the  probable  fact  that  they  are  not  decomposed  into  soluble  con- 
stituents having  a  typical  physiological  action  and  are  rather 
slowly  absorbed.  In  this  respect  they  are  similar  to  other  esters 
of  this  series." 
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LUNGWORM  DISEASE  IN  A  TEN-YEAR-OLD  HORSE. 

H.  Preston  Hoskixs,  \'.AI.D. 

From    the    Research   Laboratory,   Parke,    Davis   &   Company,    Detroit,    Michigan. 

In  certain  years,  and  in  quite  widely  separated  localities,  losses 
caused  by  lung~worms  in  pigs,  lambs  and  calves  are  very  heavy, 
and  result  in  serious  financial  losses  to  the  owners  of  the  animals. 
Curative  measures  are  eminently  unsatisfactory  in  most  cases. 
Verminous  bronchitis,  verminous  pneumonia,  and  verminous 
broncho-pneumonia,  names  given  to  the  pathological  condition 
produced  by  the  presence  of  the  worms,  is  almost  uniformly 
regarded  as  a  condition  which  affects  young  animals  only.  There- 
fore the  case  here  reported,  in  a  ten-year-old  horse,  may  be  of 
interest. 

In  speaking  of  the  occurrence  of  the  disease,  Hutyra  and 
Marek  state : 

"Among  domestic  animals,  sheep  and  goats  are  most  com- 
monly affected,  in  some  neighborhoods  also  swine ;  more  rarely 
affected  are  cattle  and  camels ;  horses,  asses,  cats,  dogs,  and 
rabbits  only  exceptionally." 

From  this  statement  it  would  appear  that  lungworm  disease  in 
the  equine  species  is  comparatively  rare.  Under  anatomical 
changes,  the  same  authors  state: 

"In  horses  and  asses  the  disease  occurs  exceptionally  and  only 
leads  to  a  clinical  picture  similar  to  that  seen  in  verminous  bron- 
chitis of  calves.  Fatal  cases  have  been  observed  repeatedly  in 
asses  (Stewart)." 

The  usual  explanation  given  for  the  predominance  of  the 
disease  among  young  animals,  as  compared  with  mature  stock, 
is  the  lessened  resistance  offered  b}'  the  young  animals,  a  reason 
which  holds  for  most  all  diseases,  infectious,  constitutional,  and 
parasitic  as  well.    A  point  that  should  not  be  lost  sight  of,  in  this 
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connection,  is  thai  an  established  hingworm  infestation  in  a 
young  animal  would  undoubtedly  cause  a  more  profound  dis- 
turbance than  the  same  infestation  in  a  mature  animal  of  the 
same  species.  Verminous  infestations  of  the  lungs  may  be  more 
common  among  old  animals  than  we  have  been  led  to  believe,  in 
fact  it  is  not  uncommon  to  meet  this  condition  post-mortem  in 
apparently  healthy  animals,  especially  hogs  and  sheep,  examined 
at  large  slaughter  houses. 

The  present  case  was  a  bav  gelding  (No.  412),  weighing 
about  1250  pounds,  ten  years  old,  and  purchased  in  July,  1915, 
at  St.  Louis,  Mo.,  brought  to  Parkedale  Farm,  Rochester,  Mich., 
and  used  for  the  production  of  antidiphtheric  serum.  This  horse 
did  not  prove  to  be  a  profitable  yielder  of  potent  serum,  so  was 
transferred  to  the  thyroidectin  list  in  .\pril,  llMii.  after  having 
been  thyroidectomized. 

During  1917  this  horse  was  somewhat  unthrifty  and  it  was 
believed  that  this  condition  was  a  sequel  to  the  removal  of  the 
thyroid  glands,  although  most  hor.ses  so  treated  do  not  begin  to 
show  symptoms  so  soon  following  the  operation.  .V  rather 
characteristic  chain  of  symptoms  is  frequently  noted  in  horses 
that  have  been  subjected  to  thyroidectomy.  In  this  horse,  after 
viewing  the  autopsy,  it  was  believed  that  the  combination  of 
athyroidism  and  verminous  pneumonia  contributed  to  an  earlier 
cachexia  than  cither  of  the  conditions  might  have  produced  inde- 
pendently. 

The  condition  of  the  horse  became  hopeless  and  he  was 
destroyed  November  5,  1917,  and  a  careful  autopsy  held.  On 
exposing  the  thoracic  viscera,  the  writer  was  struck  by  the 
appearance  of  the  lungs.  Having  seen  nuinerous  cases  of  ver- 
minous broncho-pneumonia  in  pigs,  and  a  number  of  cases  in 
lambs  and  calves,  the  pathological  picture  presented  by  the  lungs 
was  pretty  well  impressed  upon  my  memory,  and  the  condition 
was  immediately  suspected  on  seeing  the  lungs  of  the  horse  in 
question. 

The  basal  borders  of  both  lungs  were  quite  extensively 
afTectcd  with  a  chronic  interstitial  pneumonia,  which  was  prob- 
ably the  result  of  a  chronic  bronchitis.  The  hmg  tissue  was  pale, 
a  grayish-yellow  in  color.  The  texture  was  tough  and  the  con- 
sistcncv  firm,   (hie   to  the    formation  of   new   connective   tissue, 


especially  in  the  interlobular  spaces,  where  it  appeared  quite 
prominently.  Some  edema  was  in  evidence,  and  the  affected 
portions  of  the  lungs  were  atelectatic.  On  section  the  bronchi 
and  larger  bronchioles  showed  the  presence  of  large  niunbers  of 
thread-like  worms.  These  were  matted  together  with  a  consider- 
able amount  of  mucous  exudate. 

The  worms  were  identified  by  Air.  Meyer  Widgor,  of  this 
laboratory,  as  Dictyocaulus  micrurus.  According  to  Hutyra  and 
Marek  this  variety  occurs  in  cattle,  fallow-deer  and  stags ;  excep- 
tionally in  horses  and  asses.  All  organs,  with  the  exception  of 
the  lungs,  as  above  noted,  appeared  to  be  normal. 
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BOTANICAL  NOMENCLATURE  OF  THE  U.  S.  P.  IX. 

A   Survey    of    the    Botanical    Nomenclature    of    the    New    Pharmacopoeia 

Discloses  the  Fact  that  Neither  the  Vienna  nor  the  American  Code 

was  Strictly   Adhered  to   by  the  Nomenclatorial   Committee. 

Bv  Oliver  Atkixs  Farwell. 

A  careful  e.xamination  of  the  botanical  nomenclature  of  the 
new  revision  of  the  Phannacopceia  discloses  the  fact  that  the 
authors  did  not  invariably  follow  either  the  "Vienna"  code  or  the 
"American,"  but  either  one  or  the  other  as  it  suited  their  con- 
venience, and  in  some  instances  neither.  In  most  instances  where 
forms  of  a  species,  other  than  the  type,  are  admitted,  the  trinomial 
is  used;  as  Glycyrrhiza  glabra  glaiidiilifera;  in  many  cases,  how- 
ever, the  "variety"  is  used  as  in  Melaleuca  Leucadendron  var. 
Cajeputi.  The  former  typifies  the  American  code,  which  does 
not  recognize  the  rank  of  variety — the  trinomial  being  the  method 
of  designating  a  sub-species;  the  latter  is  characteristic  of  the 
\'ienna  system  of  nomenclature.  The  system  of  considering  a 
variation  of  a  species  as  a  subspecies  and  designating  it  by  a 
trinomial  (the  .American  Code)  should  be  discontinued,  as  an 
application  of  the  rule  simply  makes  authors,  who  do  not  follow 
the  code  and  the  older  authors  of  a  bygone  day,  express  a  classi- 
fication which  they  had  no  intention  or  thought  of  conveying. 

Apparently  the  American  code  has  been  the  guiding  star  of 
the  nomenclatorial  committee,  but  it  has  balked  when  a  strict 
application  of  the  rules  would  have  produced  a  repeating 
binomial,  one  where  the  generic  and  specific  names  are  the  same, 
as  Zingiber  officinale  for  Zingiber  Zingiber.  Geographical  spe- 
cific names  are  decapitalized,  a  feature  that  is  greatly  to  be 
deprecated.  Such  names  are  proper  names  in  just  the  same 
manner  as  are  specific  names  derived  from  old  generic  names  or 
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from  the  names  of  persons  and  they  slionld  not  be  treated  differ- 
ently. Just  so  long  as  Kngiisli  type  is  used  to  express  a  binomial, 
just  so  long  should  the  rules  governing  English  grammar  and 
syntax  be  followed.  If  decapitalization  is  desired,  the  binomial 
should  be  expressed  in  Roman  type,  i.e.,  in  small  capitals.  There 
are  a  good  many  exceptions  to  the  rule  that  the  name  of  a  family 
of  ])lants  should  end  in  "aceie,"  as  Graiiiiitccc,  Lcgtiniinoscc.  In 
each  instance  the  ending  should  be  changed  to  "acese"  so  as  not 
to  conflict  with  the  nomenclature  of  other  botanical  categories. 

Ihe  following  notes  and  suggestions  may  be  of  service  in  the 
jjreparation  of  future  editions. 

A(;.\K.  This  article  is  said  to  be  tin-  dried  nuicilaginous  sub- 
stance obtained  fiom  the  dracilaria  I'uhcnoidi'.s  Greville  and 
other  algae  of  the  sea  coast  of  Asia,  especially  from  species  of 
Gelidiiiiii  and  of  Gloiopcltis.  It  is  generally  conceded  that  the 
agar  derived  from  Cracilarin  liclicii()idc.<:  is  the  dried,  unaltered 
thaiius.  and  is  known  to  the  pharmaceutical  and  comtnercial 
worlds  as  Ceylon  agar.  Some  species  of  Gloiopcltis  yield  a  glue 
while  others  are  used  as  a  food.  Japanese  agar  is  derived  from 
Gelidiuiii  eonieiim  (Hudson)  Lamour,  (/.  rartilagiiieiini  Gaillon 
and  ])erhaps  from  other  species  of  Gelidiiiiii.  Japanese  agar  is  a 
gelatinous  substance,  (jelosc.  extracted  from  the  :dg;e.  The  com- 
mercial agar  brought  to  this  country  lor  medicinal  purposes 
comes  from  Japan  and  is  not  an  unaltered  thallus  but  an 
extracted  gelatinous  substance,  and  therefore  corres]jonds  to  the 
article  known  as  Japanese  agar  as  above  described.  The  detinition 
should  be  corrected  to  exclude  species  of  Gracilaria  and  Gloio- 
peltis  as  sources  of  origin  of  agar.  The  writer  of  this  paper  can 
see  no  good  reason  for  substituting  a  class  name  for  this  alga 
instead  of  the  family  name.  "Fam.  (jelidiacere"  should  be  used 
instead  of  "Class  Rhodophyceae." 

Amvc.i5.\i.a  Dulcis,  Oleum  A.mv(;i).\i..i-:  Amak.i;,  Oleum 
Amv(;i).\l.i-:  I-Ixi'kessu.m.  The  sweet  almond  is  said  to  be  derived 
from  Pnnui.s  Aiitygdalns  diileis  Dc  CaiuioUe  and  the  bitter 
.-ilmond  from  I'ntiiii.s  .liiiyf/dalus  aiiian:  De  Candnllc.  1  )e  Can- 
dolle  is  not  liie  author  of  the  above  combinations,  lie  did  not 
name  them  under  Pritiiiis.  i)ut  under  .hiivdiilus  and  as  varieties, 
not  as  subspecies;  the  citation  of  De  C'andolle  as  the  author  of 
the   combinations    is.    therefore,    without    .luthoritv.       The   better 


way  is  to  keep  Amygdalus  separate  from  Priinits.  The  bitter 
almond  would  then  be  derived  from  Aiiiygdalits  communis  Linne, 
and  the  Sweet  from  Amygdalus  communis  Linne  var.  dulcis 
(Miller)  De  Condolle.  It  is  not  necessary  to  use  the  variety 
amara  for  the  bitter  almond,  as  it  is  but  a  synonym  of  the  species. 
However,  if  they  are  to  be  retained  under  Primus,  P.  Amygdalus 
Stokes  is  not  the  proper  name  for  the  species  under  any  code  of 
nomenclattire  now  followed,  all  of  which  recognize  the  law  of 
priority.  Hudson,  in  1778,  published  a  Prunus  communis  to 
include  P.  domcstica  Lin.,  P.  spinosa  Lin.,  and  P.  insititia,  Lin., 
all  of  which  antedate  the  species  of  Hudson ;  consequently  Hud- 
son's P.  communis  is  but  a  synonym  that  can  never  be  reinstated 
and  therefore  can  not  bar  the  legitimate  use  of  the  name  for 
another  species.  According  to  the  laws  of  priority  the  proper 
designation  of  the  almonds  under  Prunus  is  herewith  given. 

Pkunus  communis  (Lin.)  Farwell,  nov.  comb. 

Amygdalus  communis  Lin.  Sp.  PI.  473,  1753. 

Amygdalus  communis  Lin.  var.  amara,  D.  C.  Fl.  Fr.  IV 
486,  1805  and  Prod.  II,  530,  1825. 

Prunus  communis  (Lin.)  Farwell,  var.  dulcis  (Mill.) 
Farwell,  nov.  comb. 

Amygdalus  dulcis  Miller  Diet.  Ed.  8  No.  2,  1768. 

Amygdalus  communis  Lin.  var.  dulcis  D.  C.  11.  cc. 

AspiDiuM.  The  oldest  post-Linna3an  generic  name  for  the 
male  fern  is  Filix  (Fuchs)  Hill.  The  proper  combinations  for 
the  species  designated  are  Filix  Filix-mas  (Lin.)  Farwell  and 
Filix  marginalis  (Lin.)  Farwell. 

AsPiDospERMA.  The  specific  name  quebracho  bianco  is  written 
as  two  words,  the  hyphen  being  omitted ;  this  doubtless  is  a  typo- 
graphical error;  nevertheless,  as  written,  it  becomes  a  trinomial 
and,  under  the  American  Code,  indicates  that  the  drug  is  derived 
from  a  subspecies  bianco  of  the  species  Aspidosperma  Quebracho. 

Aurantii  Dulcis  Cortex,  Oleum  Aurantii.  The  peel  and 
oil  of  the  sweet  orange  are-  said  to  be  derived  from  the  Citrus 
Aurantium  Sinensis  Gallesio.  Just  why  this  name  should  be 
attributed  to  Gallesio  is  a  mystery;  Linnaeus  (Sp.  PI.  783,  1753) 
was  the  first  to  use  it  and  he  should  be  quoted  as  the  author.  It 
might  be  better  to  consider  this  as  a  distinct  species  under  the 
name  Citrus  Sinensis  ( Lin. )  Osbeck. 


AuR-^NTii  Amar.e  Cortex.  The  bitter  orange  peel  is  said  to 
he  derived  from  Citrus  Aitrantiuni  aiiuira  Lin.  Why  any  varietal 
or  subspecific  name  should  be  used  is  a  question  that  has  not  been 
explained.  The  bitter  orange  (Citrus  vulgaris  Risso,  Citrus 
Bigaradia  Loisel,  and  Citrus  Aurantium  amara)  is  the  exact  type 
of  the  Linnjean  Citrus  Aurantinin.  Xo  further  designation  is 
necessary. 

Caxx.\bis.  Cannabis  is  said  to  be  derived  from  Cannabis 
sativa  Linne  or  its  variety  Indica  Lamarck.  We  have  American, 
Mexican,  African,  Indian,  etc.,  cannabis ;  but  these  are  geograph- 
ical or  commercial  terms  to  designate  the  country  of  origin.  Why 
it  should  be  necessary  does  not  appear,  as  the  species  from  one 
country,  when  properly  prepared,  is  as  active  as  from  another. 
So  we  have  the  pharmaceutical  term  cannabis  sativa  variety 
Indica  (not  botanical)  to  designate  the  Indian  grown  drug.  To 
quote  Lamarck  as  the  author  of  a  botanical  variety  Indica  is 
alisurd  ;  there  has  never  been,  in  so  far  as  I  have  been  able  to 
ascertain,  a  properly  described  botanical  variety  under  the  name 
of  Indica.  Lamarck  described  a  si)ecies.  Cannabis  Indica,  which 
was  later  reduced  to  synonymy,  this  form  not  being  given  any 
recognized  rank  of  any  degree. 

Card.amomi  Se.men.  The  botanical  origin  is  given  as  Elcttaria 
Cardamomum  White  et  Maton.  The  correct  combination  and 
author  citation  under  this  genus  is  Elcttaria  Cardamomum  (Lin.) 
Maton  and  is  based  on  the  Amomum  Cardamomum  Lin.  Sp.  PI. 
1,  1753.  The  authors  of  the  Index  Kewensis  and  K.  Schumann 
in  Das  Pflanzenreich  IV,  No.  46,  p.  238,  cite  the  Linnsean 
binomial  as  Amomum  Cardamon  and  apply  it  to  the  Java  carda- 
mom plant.  A  reference  to  the  Species  Plantarum  will  show  that 
Linnfeus  did  not  use  the  specific  name  Cardamon  but  wrote 
Cardamom,  which  is  an  abbreviation  for  Cardamomum  just  as 
gran,  parad.  on  the  next  page  (2)  is  for  Granum-paradisi.  I  have 
not  been  able  to  ascertain  who  was  the  first  author  to  use  the 
specific  name  Cardamon,  but  Linnanis  certainly  did  not  use  it. 
The  genus  Amomum  was  founded  by  Linnaeus  in  1736  on  the 
small  cardamoms  of  the  shoi)s.  The  ginger  was  included  but 
no  part  of  the  descri[)tion  was  drawn  from  it.  It  is  tiierefore 
very  dmihtful  if  the  name  can  rightfully  he  used  for  ;my  oilier 
plant. 


Certain  elements  of  three  distinct  species  entered  into  the 
niake-up  of  the  Linnsean  Aiiiouuiiii  Cardaiiioiniiin,  but  the  con- 
fusion over  these  species  was  not  original  with  Linnaeus.  His 
description  was  taken  from  his  earlier  Flora  Zeylanica,  which 
also  is  the  first  reference  given  after  the  description  in  the  Species 
Plantarum.  A  reference  to  the  Flora  Zeylanica  develops  the 
fact  that  this  species,  as  well  as  the  genus  Amomum  as  above 
shown,  was  founded  on  the  small  cardamoms  of  the  shops.  The 
only  correct  interpretation  of  the  genus  Amomum  would  be  to 
retain  it  for  the  plant  on  which  it  was  founded,  hence  the  proper 
name  for  our  cardamoms  is  Amomum  Cardamomnm  Lin.  The 
genus  to  which  Roscoe  in  1806  transferred  the  name  Amomum 
should  probably  be. known  as  Meistera,  Giseke  (1792). 

Caryophyllus,  Oleum  Caryophylli.  The  proper  authority 
for  "Eugenia  aromatica  (Linne)"  is  "Baillon"  not  "O.  Kuntze" 
as  given  in  the  Pharmacopceia.  Baillon  made  the  combination  in 
his  History  of  Plants,  Vol.  VI,  pp.  311  and  345,  1877,  14  years 
ahead  of  O.  Kuntze.  But  this  name  is  not  tenable  because  of  an 
earlier,  valid  species  of  the  same  name,  Eugenia  aromatica  Berg. 
18.54.  The  proper  name  under  Eugenia  is  Eugenia  caryophyllata 
Thunb.  The  synonym  "Jambosa  Caryophyllus  (Sprengel)  Nie- 
denzu"  should  be  enclosed  in  marks  of  parenthesis. 

Cinnamomum  Zeyl.\nicum.  The  proper  binomial  for  this 
product  is  Cinnamomum  Cinnamomum   (Linne)   Karsten. 

Eriodictyon.  The  correct  authority  for  "Eriodictyon  Call- 
fornicum  (Hooker  and  Arnott)"  is  "Torrey"  not  "Greene"  as 
given  in  the  Pharmacopoeia. 

Eucalyptol,  Eucalyptus,  Oleum  Eucalypti.  The  specific 
name  "Globulus"  should  not  be  capitalized ;  it  is  not  a  proper 
name. 

FcENicuLUM.  Oleum  Fceniculi.  The  correct  name  for  the 
source  of  these  drugs  is  Fivniculum  Faviiculum  (Linne)  Kar- 
sten. 

Gelsemium.  The  proper  authority  for  the  binomial  "Gcl- 
semium  setnpervirens  (Linne)"  is  "Persoon"  not  "Aiton  filius," 
the  former  having  made  the  combination  in  1805.  six  years  ahead 
of  the  latter. 

Glycyrrhiza.  The  designation  Glycyrrhiza  glabra  Linne  is 
sufficient  to  indicate  the  source  for  Spanish  licorice.    The  custom 
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of  making  a  sjiecies  an  indchnite  entity  and  then  givinj^  varietal 
name  to  what  may  be  considered  the  tvjiical  forni  can  not  be  too 
severely  censured.  Nothing  is  to  be  gained  by  it.  "(Waldstein 
et  Kitaibel)"  should  be  inserted  between  "ylaiidiilifcra"  and 
"Regal  et  Herder"  in  order  to  make  the  author  citation  perfect. 

Ipecacuanha.  The  source  of  ipecac  is  given  as  Ccphaelis 
Ipecacuanha  (Brotero)  A.  Richard  and  Ccphaelis  acuminata 
Karsten.  The  oldest  generic  name  for  the  ipecacs  is  Otiragoga, 
published  by  Linnfeus  in  IT^T  in  the  first  edition  of  the  Genera 
Plantarum,  iiT.S,  and  in  Hort.  Cliff.,  486.  Also  as  a  post-Linnsean 
name  in  December,  1774,  in  a  dissertation  on  Viola  Ipecacuanha 
by  Daniele  W'ickman,  later  appearing  in  Schreber's  edition  of  the 
.\mienitates  Academicse  in  1785,  Vol.  VIII.  240,  241.  24:!.  In  the 
index  of  the  first  edition  of  the  Genera  Plantarum  the  name  was 
listed  as  Uragoc/a  and  in  this  form  was  adopted  by  Raillon  and 
later  by  O.  Kuntze  to  include  not  only  the  ipecacs  [Ccphaelis) 
but  also  a  number  of  closely  allied  genera  (Psychotria.  Pali- 
courea,  Mapouria.  etc.).  K.  Schumann,  in  Kngler  and  Prantl's 
Ptlanzenfamilien,  used  the  name  for  the  genus  Ccphaelis  alone, 
restoring  to  generic  rank  those  genera  that  had  been  reduced  by 
Baillon  and  by  Kuntze.  "Uragoga."  as  spelled  by  these  authors, 
is  not  a  valid  i)ost-Linn<-ean  name.  Evca  Aublet  1775  has  been 
taken  up  recently  by  Standley  for  Ccphaelis,  but  this  is  later  by  a 
fraction  of  a  year  than  Ouragoga  and  therefore  is  not  tenable. 
Uragoga  acuminata  (Bentham)  OK.  is  a  species  of  Psychotria 
and  does  not  ajiply  to  the  Carthagena  ipecac.  The  ])ro]ier  combi- 
nations to  designate  the  ipecacs  are  as  herewith  given. 

OvRAGOGA  Ii'ECACL'ANHA  (Brotcro)  Farwell,  nov.  comb. 

CaUicocca  Ipecacuanha  Brot.  Trans.  Linn.  Soc.  VI.  1'U,  |)1. 
11,  1802. 

Ol'RAG()(JA  At  LMINATA  (  Kiustcn  )    I'aiwell,  n(i\,  oonii). 

Ccphaelis  acuminata  Karsten,  JX-utsche  i''liir;i  ji.  ll!t(i,  ISSO- 
188a. 

Ll.MON'lS  COKTK.X,  Oleu M  Ll.MoM.s.  i'lie  bol.inical  sotnce  of 
the  lemon  is  Citrus  Mcdica  Lin.  var.  Limon  Lin.  This  is  the 
oldest  name  and  should  be  adopted  in  preference  to  the  later  one 
of  Hooker  filius ;  Citrus  Limonia  Osbeck,  if  as  a  distinct  species. 

^L\I,TU.M.  The  botanical  source  is  given  as  Hordcum  sativum 
lessen.  This  is  but  a  synonym  and  should  give  way  to  the  valid 
name.  Ilordcum  vulgare  Lin, 
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Mentha  \'iridis,  Oleum  Mexth-ij  Viridis.  The  botanical 
origin  of  this  drug  is  said  to  be  Mentha  sf>icata  Lin.  (M.  viridis 
Lin.).  There  seems  to  be  little  or  no  excuse  for  making  M. 
viridis  Lin.  a  synonym  of  M.  spicata  Lin.  or  attributing  the  source 
of  garden  spearmint  to  the  latter  species.  In  the  Species  Plan- 
tarum,  ed.  I,  Linnteus  had  M.  spicata  with  three  named  varieties, 
■;'iridis,  loiigifolia,  and  rotiindifolia.  In  the  second  ed.,  M.  spicata 
with  the  variety  loiigifolia  becomes  M.  sylvestris,  and  the  varieties 
7'iridis  and  rotuiidifolia  are  elevated  to  specific  rank  under  their 
respective  names.  M.  spicata  Lin.  is,  therefore,  the  older  and 
valid  name  for  the  plant  that  has  been  more  commonly  known  as 
.1/.  sylvestris.  and  the  spearmint  of  cultivation  and  of  pharmacy 
is  M.  viridis.    M.  spicata  should  be  dropped. 

Myrrha.  Myrrh  is  said  to  come  from  one  or  more  species 
of  Commiphora.  The  oldest  name  and  consequently  the  valid 
one  is  Balsamea.    It  should  be  adopted. 

Oleum  Cajuputi.  The  botanical  source  of  this  oil  is  said  to 
be  Melaleuca  Lencadendron  Linne,  especially  the  variety  Cajuputi 
Roxburgh  and  the  var.  minor  Smith.  Neither  Smith  nor  Rox- 
burgh are  the  authors  of  the  varieties  mentioned :  they  pub- 
lished their  respective  names  as  specific  names.  The  correct 
author  citation  will  appear  in  the  synonymy  to  be  given  below. 
The  oldest  post-Linnaean  name  for  this  group  of  plants  is  K.-\ju- 
PUTi,  .\danson  Fam.  PI.  II,  Index,  page  530,  1763.  On  page  84, 
vol.  2,  Adanson  has  the  generic  name  Caju  puti  as  two  distinct 
words,  which,  of  course,  is  not  tenable  as  a  valid  generic  name ; 
but  on  page  530  in  the  Index  he  has  Kajuputi  with  a  reference 
to  Rumph.  2  t.  16  and  to  page  84,  where  the  description  is  to  be 
found.    The  proper  binomials  are  as  herewith  given. 

Kajuputi  Leucadendra  (Lin.)  Farwell,  nov.  comb. 

Myrtus  Leucadendra  Lin.  Syst.  ed.  10,  1056,  1759. 

Kajuputi  Leucadendra  (Lin.)  Farwell  variety  angus- 
TiFOLiA  (Lin.  fil.)  Farwell,  nov.  comb. 

Melaleuca  Leucadendra  Lin.  var.  P>.  angustifulia  Lin.  fil. 
Suppl.  PI.  342,  1781. 

Kajuputi  Leuc.\dexdr.\  (Lin.j  Farwell  variety  .minor 
(Sm.)  Farwell,  nov.  comb. 

Melaleuca  minor  Sm.  Rees,  Cycl.  23,  Kii;. 

Melaleuca  Cajuputi  Roxburgh  Fl.  Ind.  Ill,  394  1832. 
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Melaleuca  Leticadeiidron  Lin.  vnr.  minor  (Sni.)  Duthie  in 
Hk.  f  Fl.  Brit.  Ind.  II  46"),  KTS. 

Maleleuca  Lcucadrendroii  Lin.  variety  Cajcputi  (Roxb.)  Nie- 
denzu  in  Engler  and  Prantl's  Pflanzenfamilien  Til  Teil,  7  abt.  i)."* 
and  96,  1892. 

The  species,  is  founckd  (in  the  Arlwr  alba  I\umph.  "..*,  ''i.  t. 
16.  and  the  second  variety  on  the  Arbor  alba  minor  Rumph.  2,  76. 
t.  17  fig.  1.  Some  authors  consider  the  two  varieties  named  above 
as  identical,  in  which  case  the  first  named  would  be  the  valid  one. 
as  it  is  the  oldest.  The  second  variety  is  the  one  that  produces 
the  greater  part  of  the  commercial  cajuput  oil. 

Oleum  Chenopodii.  The  source  is  given  as  Chenof'odinin 
ambrosioidcs  antlielinintiiiim  Linne.  The  author  citation*  for  the 
variety  anthelminticitm  is  (Linne)  .\.  Gray.  Linnsus  is  not  the 
author  of  a  subspecies  anthclmiiiticnin. 

Oleum  L.\v.\xdul.i:.  The  valid  desiijjnaiion  of  the  lavender 
plant  is  Lafandtila  Spica  Linne.  not  L.  I'cra  DC.  which  is  a 
later  synonym.  In  anv  event  /..  ;■(•)(!  DC.  is  not  the  name  to 
use:  the  earliest  name  after  that  of  l.iniueus.  in  ease  his  should 
be  discarded  (  for  which  there  is  nt\  e.xeuse).  is  l.arrndnla  iintjiis- 
tifolia.  Miller. 

OlkU-M  I'i.\ii:.\'t.i:.  Piuunta  Puncnia  (Linne)  Lyons  is  the 
valid  binomial  for  the  source  of  this  product  ;  not  P .  officinalis 
Lindley. 

C)i,i;iM  S.ASSAiK.\s,  .*^ASS.\i'K.\s.  Sassafras  Sassafras  (Lin.) 
Karsten  is  the  projjcr  combination  to  designate  the  sassafras. 

Oleu.m  Sesami.  Thfc  proper  binomial  to  designate  the  sesame 
is  Scsamum  orientate  Lin.;  not  i".  Indicion  Lin. 

Petroselinu.m.  /'c//'05r//)i;(();  liortrnse  llulTnian  li.is  jireee- 
dence  over  Petrosetiniim  satifinn  llotTman  hut  the  \;ilid  biudmial 
is  Pctroseliniim  Petrosclinum  il.imiel   Karsten. 

Sl'AKTi:i  .\.r:  I^fl.i'll  .\s.  The  ^jieeilic  name  in  L  vlisiis  seoparius 
(  Linne  I  Link  ^llclnld  lie  dee:ipilali/e(l.  it  is  iKit  an  old  generic 
name  or  a  vernacular  name,  just  an  adjective. 

Taraxacu.m.  'J"hc  I)otanical  origin  is  given  as  Taraxacum 
officinale  Weber.  The  jjroper  designation  under  taraxacum  is 
Taraxacum  Taraxacum  ( Limit- )  Karsten.  Mut  Taraxacum  is 
not  the  oldest  generic  name  and  for  that  reason  is  not  the  valid 
one.     Leontodon  Lin.  was  founded  in  17:57  on  the  common  dan- 


delion,  the  Dots  Lcunis  of  the  older  botanists.  .\s  the  genus 
appeared  in  the  first  edition  of  the  Species  Plantarum,  it  must 
be  accepted  for  the  species  on  which  it  was  founded,  the  dande- 
lion, which  is  Leoutodon  Taraxacum  Linne.  The  genus  generally 
known  as  Leoutodon  of  late  years  is  Virea  Adanson. 

Ulmus.  The  source  of  origin  is  given  as  Ulinus  fulva  Mx. 
"Ulmiis  f>ubesceiis  Walter"  is  generally  considered  to  apply  to  the 
same  species  and  being  the  older  name  by  1;")  years  should  be 
adopted. 

XANTHOXVLUJr.  The  proper  spelling  for  this  generic  name  is 
Zanthoxvluin.  Linnaeus  used  Z  for  the  initial  letter,  but  Miller 
changed  it  to  X.     The  original  spelling  should  be  restored. 

Zingiber.  The  source  of  origin  is  given  as  Zingiber  officinale 
Roscoe.  The  proper  appellation  is  Ziiujiber  Zingiber  (Linne) 
Karsten. 

In  order  to  bring  about  a  uniformity  in  family  nomenclature, 
each  name  ending  in  "acese"  and  the  oldest  family  name  being 
used,  the  following  changes  are  necessary : 


Graminese 

to 

Graminaceje. 

Palmas 

to 

Palmaceae. 

Fagacese 

to 

Castaneaceae. 

Moraceae 

to 

Lupulaceae. 

Polygonacese 

to 

Persicariaceae. 

Chenopodiaceae 

to 

Blitaceae. 

Cruci  ferae 

to 

Cruci  feraceae. 

Leguminosae 

to 

Leguminaceae. 

Euphorbiaceas 

to 

Tithhymalaceae. 

Rhamnaceae 

to 

Zizyphaceas. 

Sterculiaceae 

to 

Cacaoaceae. 

Ternstroemiaceae 

to 

Camelliaceae. 

Guttiferse 

to 

Hypericaceae. 

Punicaceas 

to 

Granataceae. 

Umbelliferae 

to 

Umbellataceae. 

Oleaceae 

to 

Jasminaceae. 

Loganiaceae 

to 

Strychnaceae. 

Hydrophyllaceae 

to 

Hydroleaceae. 

Labiatae 

to 

Labiataceae. 

Rubiaceae 

to 

Aparinaceae. 

Cucurbitaceae 

to 

Bryoniaceae. 

Compositae 

to 

Compositaceae. 

BOTANICAL  NOMENCLATURE  OF  THE 
PHARMACOPOEIA. 

In  Which  the  Author  Supplements  One  of  His  Papers  Appearing  in  the 

Circular     for     April     of     Last     Year — Similar     Articles     of     His, 

Published  or  Yet  to  Appear,  Are  on  the  Nomenclature 

of  the  National   Formulary. 

Bv  Oliver  Atkixs   ['"akwell. 

Aloe.  Under  this  title  the  United  States  Pharmacopoeia  gives 
.  Hoc  vera  Linne  as  the  source  of  Curacao  .Aloes.  There  is  no 
doubt  but  that  this  species  produces  the  true  Barbadoes  Aloes; 
there  is  still  some  doubt  as  to  whether  the  Curaqao  ])roduct  is 
derived  from  the  same  form.  Planters  claim  that  the  Barbadoes 
and  the  Curasao  products  are  identical :  nevertheless.  Holmes, 
who  has  given  the  subject  an  exhaustive  study,  insists  that  they 
are  distinct,  giving  the  .Hoc  Chincnsis  Bakkr  as  the  source  of  the 
Curasao.  All  things  considered,  it  seems  best  to  adopt  an  inter- 
metliate  course  and  give  the  source  of  Curasao  .-Aloes  as  Aloe 
vera  LixxK,  variety  Chiiioisis  (J.  A.  and  J.  H.  .Schultcs)  Berger. 
Berger  in  Das  Pflanzenreich,  Heft  33  p.  230,  quotes  Haworth 
as  the  author  of  the  above  combination,  but  that  is  a  manifest 
error.  Haworth  described  the  plant  as  a  variety  b.  of  .-l.  Bar- 
hndciisis.  but  did  not  give  it  a  name. 

Bi:.NZOiNL".M.  Styrax  Benzoin  Drv.-xnder  is  given  as  the  source 
of  Sumatra  Benzoin,  but  no  more  definite  source  for  the  Siam 
is  given  other  than  "some  other  species  of  Styrax."  Holmes  in 
the  Pharmaceutical  Journal  for  November  2!t,  1913,  gives  as  the 
source  of  the  .Siamese  Benzoin,  Styrax  Tonkiiiense  C'k.mb;  in  the 
-.line  journal  for  Scjjtember  iS,  1!)1T,  the  source  is  said  to  be  the 
Myrax  Sianicnsc  Rokdokf,  a  recently  described  species.  As  both 
these  species  come  from  the  heart  of  the  .Siam  Benzoin  district, 
and  both  yield  a  similar  resin,  the  inference  to  he  drawn  is  that 
each  yields  a  part  of  the  commercial  product.  These  names, 
therefore,  should  be  adopted  rather  than  the  indefinite  "some 
other  species." 

.■\SI'IIX)SI'KR.MA.  'I'iic  oldest  generic  name  .iiul  lonseipiently 
ihe  i)ro|)er  one  is  Maca(/lia  Ku  ii.  The  pr()i)er  iiinnniial  is  Ma- 
ciii/lid  Oiirbracho-hlanco  ( .Schlechtendal )   Lvnns. 


BucHu.  Farapctalifcra  Wendland  has  a  year's  priority  over 
Barosma  Willdenow.    The  species  should  be  as  follows : 

Parapetalifera  betulina  (Thumberg),  n.  comb.  Diosina 
betulina  Thunberg,  Prod.  PI.  Cap.  43,  i:94-180(). 

Barosma  betulina  (Thunberg)  Bartling  and  ^^'endla^d  filius. 
Diosm.  102,  1824. 

Par,\petlifera  serratifolia  (Curtis),  n.  comb. 

Diosina  serratifolia.  Curtiss,  Bat.  Mag.  t.  466,  1799. 

Parapetalifera  scrrata  Wendland,  Coll.  Bot.  92  t.  34,  1808. 

Another  species,  intermediate  between  the  two,  but  not  now 
official,  and  one  that  has  often  been  collected  and  mixed  in  with 
the  former  species,  is : 

Parapetalifera  crenulata   (Linne).  n.  comb. 

Diosma  crenulata  Linne,  Cent.  PL  2,  11,  1756. 

Parapetalifera  odorata  Wendland,  Coll.  Bot.  1,  50,  t.  15, 
1808. 

Parapetalifera  is  adopted  for  these  plants  in  the  supplemen- 
tal volume  of  the  Century  Dictionary. 

Camphora,  Cinnamomum  Saigoxicum,  Cinxamomum  Zey- 
LANicuM,  Oleum  Cassi.e.  The  generic  name,  Cixxamomum  of 
Blume,  is  antedated  by  35  years.  Noronha  having  given  these 
plants,  in  1790,  the  name  Camphorina. 

The  proper  combinations  should  be  as  follows : 

The  Camphor  plant,  Camphorixa  Camphora  (Linne),  n 
comb.  Laurus  Camphora  Linne  Sp.  PI.  369,  1753. 

Cinnamomum  Campliora  (Linne)  T.  Nees  and  Eberm. 
Handb.  Med.-Pharm.  Bot.  2,  430,  1831. 

The  Saigon  Cinnamon.  Camphorina  Saigoxica,  n.  sp.  The 
plant  producing  the  Saigon  Cinnamon  has  not  as  yet  been 
definitely  determined,  but  it  is  generally  supposed  to  be  an  unde- 
scribed  species.  The  bark  is  well  described  in  the  U.  S.  P.  on 
pages  114  and  115,  and  I  tentatively  propose  the  above  name  for 
the  species  producing  it. 

The  Ceylon  Cinnamon.  Camphorina  Cixxamomum  (Linne). 
n.  comb.  Laurus  Cinnamomum  Linne,  Sp.  PI.  369,  1753.  Cinna- 
momum Ceylanicum  Nees  in  Wall.  PI.  As.  Rar.  2,  74,  1831;  3, 
32,  1832. 

The  Cassia  Cinnamon.  Camphorina  Cassia  (Linne),  n. 
comb.  Laurus  Cassia,  Linne,  Sp.  PI.  369,  1753.  Cinnamomum 
aromaticum  Nees  in  Wall.  PI.  As.  Rar,  2,  74,  1831. 


"Cinnamon"  and  "Cassia"  are  terms  that  have  been  applied 
from  time  immemorial  to  certain  aromatic  barks  that  have  been 
used  for  ceremonial  purposes,  as  well  as  in  the  medical  and 
culinary  arts.  In  founding  the  names  Laiinis  Ciiinaiiioiiiinii  and 
Laitrus  Cassia,  Linne  adopted  the  descriptions  of  the  Mora 
Zeylanica  as  his  diagnoses  of  these  species  respcctivel) .  A 
reference  to  this  Flora  Zeylanica  conclusively  shows  that  Linne 
had  in  view  and  was  describing  the  Cintiamomi  Cortex  and  the 
Cassia  Lignea  Cortex  of  the  pharmacies.  The  former  is  the 
Ceylon  Cinnamon  and  the  latter  is  the  Chinese  Cassia.  No  other 
legitimate  interpretation  can  be  given  to  the  l,inn;ean  names,  and 
they  are  so  considered  here. 

C Aiodi'iiM.i.us.  Ol.lcr.M  Cau\()1'11M.[.i.  If  the  clove  and  its 
allies  are  to  be  ke])t  separate  from  liugenia,  as  is  insisted  ui)on 
b\'  many  botanists,  the  ])roper  generic  name  is  Caryof>hylliis 
l.i.x.Ni:,  and  not  Jainbiisa  D.  C  ..  as  maintained  by  Xiedenzu  in 
l-'.ngler  and  PraiUl's  I'Hanzenfamilien  111,  ■; ,  jiage  S.'5.  The 
binomial  is  CaryopliyllKS  aroniaticiis,  l.i\.\i-.. 

My  thanks  are  due  to  Dr.  !•".  \'.  Coville,  of  \\  a>hington,  for 
calling  my  attention  to  the  priority  of  the  l.inn;ean  name,  and  to 
the  fact  that  Caryo]jhyllus  is  tlie  name  used  in  the  revised  edition 
of  the  Cemury  Dictionary  under  butli  "Clcive"  and  "L'aryoi)hyl- 
lu>":  also  for  piiiiiiiiig  nut  that  /'niiiiis  etniiiiiiDrs  I'kirsi  n  /.v  used 
for  tile  AlnKiud  in  I'.ailey's  C'\i.'l(i]iedia  nf  Mniticuilui'i-  \,  'iS.'i"^, 
11)10. 

CoiAiNA.  The  proper  -]n'lliiig  ni  the  generic  nanii-  f<pr  the 
Lnca  plant  is  1'Ikmii  uoxn  i.i'.\i . 

Ki.No.  I  he  oldest  generic  name  for  the  plant  ])rodncing  this 
product  is  l.iiu/oiiin  (  kumph  )  .\daiison,  and  the  pro])er  binomial 
is  Liiigoion  Marsiipiiiin   (Roxburgh)  (  ).   K. 

I'Kl'XfS  X'lKCl.MAN A.  The  |)r(]|)cr  botanical  drsign.ition  lor 
the  tree  ])r(iducing  this  l>roduct  is  Pntiius  \' tiqimana  I.i.nm-,  an 
<ildri-  iiaiiu-  ibaii  I'riiiiiis  serotiini  Lhrhari.  This  imcrprctaliim 
"i  rniinis  I' iniiniuna  Li.\.\f.  is  in  accordance  wiili  that  in  \-ogue 
aniDiigst  MiDsl  of  the  botanists  (tf  an  earliiT  age.  bcfnrc  Dr.  ( iray 
ir.tnsferred  the  n.imc  to  the  (  bokc  ('hcrr\  and  ,ido|il(il  llu-  later 
name  for  this,  the  lUack  ('berr\.  IncidentalK.  U  is  the  name  \ised 
in  the  earlier  editictns  of  the  U.  S.  I'.  I  be  l.inuaan  diMiiption 
is  e(|ually  applicable  to  either  species,  for  the  petioles  of  the  leaves 
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of  t'itlicr  may  or  may  not  be  glandular.  TIil'  synonymy  is  entirely 
that  of  the  Black  Cherry.  The  specimen  in  the  Linnaean  Herba- 
rium is  that  of  the  Choke  Cherry,  but  this  may  be  disregarded, 
as  is  generally  done  in  so  many  other  instances  where  the  descrip- 
tions, including  .synonymy,  and  the  specimens  are  at  variance. 
Linnieus  did  not  consider  his  herbarium  specimens  as  "types" ; 
in  fact,  it  was  often  the  custom  among  the  early  botanists  to 
use  for  exchange,  herbarium  specimens  that  had  been  u^ed  as 
bases  for  descriptions  of  new  species,  trusting  to  time  or  luck 
to  replace  them  with  others ;  there  is,  therefore,  no  absolute 
surety  that  the  specimen  in  the  Linnaean  Herbarium  at  the  present 
time  is  the  identical  fragment  from  which  Linnaeus  drew  up  his 
description.  As  Linnseus  recognized  but  one  American  species 
in  this  group,  it  is  more  than  probable  that  he  considered  the  Black 
Cherry  and  the  Choke  Cherry  as  conspecific.  To  recapitulate : 
As  the  herbarium  specimen  is  not  a  "type,"  and  as  there  is  no 
definite  surety  that  it  is  the  identical  fragment  that  gave  rise  to 
the  Linnaean  description,  and  as  the  said  description  is  so  drawn 
that  it  is  as  applicable  to  the  Black  Cherry  as  to  the  Choke  Cherry, 
there  is  left  but;  the  synonymy  to  interpret  the  species,  Prunus 
I'irginiana  Linne,  and  that  proves  it  to  be  our  common  Black 
Cherry.  Also,  Du  Roi,  who  was  the  first  to  segregate  the  Linnaean 
aggregate,  used  Print  us  Virginiaiia  for  the  Black  Cherry  and  gave 
to  the  Choke  Cherry  the  name  Pnniiis  luina.  which,  under  the 
rules,  must  stand. 

I'lCTROSELiNUM.  In  the  Species  I'lantarum,  Linne  enumer- 
ated two  species  under  his  genus  Ai-iu.M,  viz.:  A.  Pctrosclinum 
and  A.  graveolens  in  the  order  named.  A  pi  tun  was  adopted  from 
the  earlier  botanists,  and  the  first  species  enumerated  was  the 
one  always  considered  as  the  type  of  the  genus.  .Ip'tuiti  Petro- 
sclittm  LiNNi-:  should,  therefore,  replace  Pctroscliiiiiiii  sath'tan 
Hofi'man. 

S.\H.\L.  The  original  spelling  iScrcnaa)  of  the  generic  name 
has  been  adopted  in  Engler  and  Prantl's  Pflanzenfamilien  and 
should  be  taken  up. 

Saccharum.  One  of  the  sources  of  sugar  is  said  to  be  Beta 
vulgaris  Linne,  var.  Rapa  Dumort.  The  proper  citation  for  this 
variety  is  ( Dumort )  Ascherson.  Dumort  having  used  the  name 
in  a  .specific  sense.    The  type  of  Beta  vttlgaris.  Linxk,  Sp.  PI.  222, 
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175;S,  is  his  \ar.  B.  nthni.  as  it  is  this  variety  which  gives  rise  to 
the  specific  name  which  is  typitied  by  the  common  red  beet  of  the 
gardens.  It  has  received  many  varietal  names,  but  the  earhest 
one,  in  so  far  as  I  can  determine,  that  ap])hes  to  the  Sugar  Beet, 
that  is,  the  form  that  is  so  largely  cultivated  for  the  manufacture 
of  Beet  sugar,  is  Beta  riih/aris,  Linnk,  var.  alti.ssiiiia  [  Rossig)  J. 
A.  Schultes. 

Santoxium.  The  source  of  this  is  given  as  .-Irtciitisia  f^anri- 
Hora  (  Ledebour )  Weber.  The  proper  citation  is  "Weber"  only  : 
"(Ledebour)"  should  not  be  a  part  of  the  author  citation,  as 
Weber  named  the  species  ten  years  before  Ledebour  was  born. 
There  is  some  doubt  as  to  the  specific  stattis  of  the  plant  produc- 
ing Santonica :  but  the  consensus  of  opinion  seems  to  place  it  as 
a  variety  of  Artcm'.sia  inarifinia  Linxk.  It  might,  therefore,  be 
better  to  call  it  Arti-iiiisia  moritlma  Linne,  variety  Stcchiiiainiiaiia 
Besser,  which  is  the  (ililesi  \arietal  n;iiiic  for  it. 

Scii.i  .\.  rile  ~ource  for  this  drug  is  gi\en  as  I'rginca  iiuiri- 
tiina  (Linne)  I'.aker.  In  the  Species  I'lantarum,  Linne  included 
imder  his  genus  SciUa  ihe  elements  of  three  dilTerent  genera  : 
one  species  from  the  old  genus  Hulbiis.  si.K  s])ecies  from  the 
old  genus  Hyacintliiis.  and  one  species  from  the  old  genus 
Scilla.  The  single  species  from  the  old  genus  Scilla  is  the  first 
one  enumerated  by  Linne ;  also,  since  it  is  the  jilant  that  gave  the 
name  to  the  genus,  it.  Scilla  iiiaritiiiia,  I.innk.  must  be  considered 
as  the  type  of  the  genus,  i'n/iiica  should  give  way  to  Scilla  and 
the  name  should  be  Scilla  iiiaritinta  Lixne.  The  Scilla  of  .\dan- 
son  ( 17()3)  and  many  subse(|uent  authors  not  of  Linne  (ITT);}),  is 
Stcllastcro  Heister  (1763). 

Senna.  There  is  no  real  reason  why  the  Liiin.-van  name. 
Cassia  Senna  Linne.  sitould  iioi  be  used  for  the  .Alexandria 
Senna,  rather  than  the  later  one  of  Delile.  Cassia  aciilifolia.  The 
Linnsan  description  and  refiieiue-.  ;ire  characteristic  and  unmis- 
takable. 

Uva-Uksi.  The  proper  ii;inie  tor  the  ]il.nit  \irl(iing  ihis 
product  is  Uva-Ursi  (■Z'a-Crsi  (Linne)   Britton, 

Veratrina.  The  oldest  name  for  the  Cevadilla  is  Skoiiiolon. 
The  binomial  should  be  as  follows:  Skoinolon  officinale  (Cham- 
isso  and  .Schlechtendal ).  n.  comb.  Vcratrum  officinale  Cham,  and 
Schleciu.  in  Linn.ea  \F,  l"i.  ISin. 


BOTANICAL  NOMENCLATURE  OF  THE  N.  F.  IV. 

In  a   Paper   Appearing    in  the   April    Issue   of   the   Circular,   Mr.    Farwell 

Discussed  the  Botanical   Nomenclature   of   the  Pharmacopoeia.      He 

Here  Gives  a  Similar  Survey  of  the  National  Formulary   IV. 

Bv  Oliver  .\tkixs  F.muvell. 

A  careful  e.xamination  of  the  botanical  nomenclature  ado])t6d 
in  the  National  Formulary  IV  shows  that  it  follows  in  part  the 
\'ienna  Code  and  in  part  the  American  Code,  with  a  strong  lean- 
ing toward  the  latter  as  the  predominant  feature.  The  adoption 
of  the  trinomial  system  is  to  be  deprecated,  as  it  makes  the 
authors  express  an  opinion  which  they  had  never  for  an  instant 
entertained.  The  trinomial  system  under  the  American  Code  is 
the  method  of  expressing  a  subspecies,  the  "Code"  not  recogniz- 
ing the  rank  of  variety.  Yet  in  every  instance  where  the  tri- 
nomial is  used  the  author  quoted  did  not  publish  a  subspecies  ;  he 
published  a  variety.  Geographical  names  are  decapitalized ;  as 
they  are  proper  names  they  should  be  capitalized  the  same  as  is 
done  with  other  proper  names.  The  following  notes  and  com- 
ments may  be  of  service  in  the  next  revision : 

A(5.\Kicus.  Derived  from  Polyporus  officinalis  Fries.  This  is 
not  the  valid  name  for  the  fungus  producing  the  white  agaric 
used  in  medicine.  Winter,  in  the  second  edition  of  Rabenhorst's 
Kryptogamen  Flora,  uses  the  above  name ;  Murrill,  in  North 
American  Flora,  uses  the  combination  Foiiics  Lands  (Jacq.) 
Murrill;  Hennings,  in  Engler  u.  Prantl's  Pflanzenfamilien,  adopts 
both  Fames  and  Polyporus  as  distinct  genera,  but  unlike  Mvirrill 
refers  the  white  agaric  to  Polyporus  as  P.  officinalis.  The  species 
of  Fames  are,  perhaps,  by  most  authors  regarded  as  species  of 
Polyporus,  but  whether  Fames  or  Polyporus  the  oldest  and  valid 
specific  name  is  Laricis.  The  proper  name  under  Polyporus  is 
P.  Laricis  (Jacq.)  Scopoli. 

.\s.\RUM.  Hyphenated' words  are  rapidly  going  out  of  favor, 
the  word  being  written  as  either  one  word  or  two  distinct  words ; 
"snakeroot"  is  the  tnost  generally  accepted  way  of  writing  the 
word,  not  "snake-root." 

Cactus  Grandiflorus.  The  botanical  origin  is  given  as 
Cactus  grandiflorus  Linne,  with  the  synonym  Ccreus  grandiflorus 
Miller.    These  names  certainly  appertain  to  the  drug  known  com- 
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inercially  as  "cactus  grandirtdrus,"  Inn  they  arc  only  synomiiis 
and  should  not  be  used,  especially  the  Linnsean  name,  for  the 
plant  producing  the  drug  has  not  been  classed  in  the  genus  djctiis 
by  any  botanist  for  nearly  a  century  and  a  half.  The  jiroper 
name  for  this  drug  is  Sclciiiccrciis  graiidiflonis  {  Lin. )  Britton 
and  Rose.  In  the  third  line  of  the  description  on  page  'i',')  the 
words  "each  about  2  mm"  would  be  inore  accurate  if  changed  to 
read  "">  mm  or  less."  and  the  word  "spines"  after  "flexuous" 
should  be  changed  to  "bristles."  It  may  not  be  out  of  ])lace  to 
note  here  that  a  related  Mexican  species,  the  Scleniccrcus  pter- 
antliits  (Link  and  Otto)  Rritton  and  Rose,  has  been  used  as  a 
substitute.  This  drug  is  distinguished  from  the  true  In-  the 
absence  of  the  long  bristles  from  the  tufts  of  spines. 

Centaurium.  The  drug  is  indicated  as  being  derived  from  the 
Erytlircea  Centaurium  (Linne)  Persoon.  The  oldest  generic 
name  is  Centaurium  Hill.  There  is  an  older  Centaurea  Linne, 
but  as  the  ending  is  different  and  it  belongs  to  a  very  ditTerent 
family  of  plants,  no  confusion  can  arise  from  accepting  Hill's 
generic  name  for  these  plants,  as  has  been  done  in  our  local 
ni;uiuals.  The  ])ro])er  botanical  designation  is  Centaurium  Cen- 
taurium (Linne)  \\  .  I'.  Wight. 

CuiK.\T.\.  In  the  L'.  S.  P.  7th  Revision  the  botanical  source 
of  this  drug  was  given  as  S\i.'ertia  Chirata  Hamilton.  It  was 
changed  in  the  Sth  Revision  on  my  advice,  to  Swcrtia  Chirayita 
(  Koxb. )  Hamilton,  w  liich  was  retained.  .iNo  on  niv  advice, 
in  the  present.  4th  edition  of  the  National  I'lirniularv .  I'.ut  ihis 
combination  has  never  been  ])roperly  published,  ;in(l  llannlion 
did  not  use  this  form  of  spelling.  The  specific  name  has  been 
spelled  in  various  ways  by  various  authors,  as  will  be  seen  from 
the  synonymy  given  below.    The  ])roper  designation  is  as  follows  : 

SwKkTiA  CiiiKAViTA   (  Roxb. )    Farwell   (  nov.  comb.). 

Gentiana  Chirayita  Koxli.  in  l-'lnii,  in  A^.  Ke^.  \l  p.  HiT 
(ISIO)  and  in  h'lem.  (al.   hid.   .Medic.   I'l.  -.'I    ilMOi. 

Gentiana  Chirala  Wall   IM.  .\s.  Kar.  111.  :i:t.  i.  ■.'.".-.'   (  l,s:{-,>). 

Gentiana  Chirayta   koxb,    hi.    Ind.    II.   ;i,    ls:!V. 

Gentiana  Clicravta  l\.  I'leming  in  ('.  1'.  Clarke  Ld.  kd.xb.  l"l. 
Ind.  ■.'04,   18r4. 

S-.i-rrtia  Chirayta  (  Koxb.  I  Karsten  Dent.  I'l.  Iii-.'."i,  ISSO- 
1SH3. 


CoKNUS.  Those  species  of  Caniiis  in  which  the  inflorescences 
are  surrounded  by  a  corolla-like  involucre  are  better  considered 
as  constituting  a  distinct  genus.  The  proper  name  for  the  plant 
under  this  view  is  Cyno.vylon  fJoridnm   (Linne),  Raf. 

CoRYDALis.  The  proper  spelling  of  the  generic  name  is 
Bikukulla. 

Cypripedium.  The  drug  is  indicated  as  being  obtained  from 
three  species,  Cypripedium  liirsiitinn  Miller,  C.  piibrsccns  Willd., 
and  C.  parviftoruin  Salisb. 

Cypripedium  hirsutum.  This  name  of  late  years  has  had  a 
varied  career.  It  was  first  published  by  Philip  JMiller  in  1768. 
Henrietta  G.  Fox  used  it  in  1895  for  the  large  yellows-flowered 
ladies'  slipper  and  it  was  later  transferred  to  the  large  and  showy 
white-flowered  Cypripedium  Rcgiiicc  \\'alter,  which  name  should 
supersede  C.  hirsutum  Aliller  in  the  Formular\-.  Miller  described 
his  C.  hirsutum  as  a  plant  one  and  a  half  feet  in  height,  with 
oblong-oval,  deeply  veined  leaves  and  reddish-brown  flower, 
flowering  in  May.  In  so  far  as  my  acquaintance  with  Cypri- 
pedium goes.  Miller's  description  can  apply  to  only  one — the 
C.  acuule  Ait.  This  plant  may  be  found  in  dry,  sandy  woods,  in 
rocky  woods,  in  rich,  moist  woods,  and  in  peat  bogs ;  it  ranges 
in  height  from  3  or  4  inches  to  23  inches,  well  above  the  limit 
assigned  by  Miller.  It  is  certain  that  Miller  would  never  have 
called  the  yellow  flowers  of  C.  pubesccns  or  the  characteristically 
white  flowers  of  C.  Regincc  "reddish-brown,"  which  color  just 
suits  that  of  the  flowers  of  C.  acaule.  The  time  of  flowering  of 
the  latter  also  agrees  with  the  time  given  by  Miller,  while  the 
flowering  time  of  the  former  is  in  July,  long  after  C.  acaule  has 
ceased  to  bloom.     The  proper  name  for  the  moccasin  flower  is : 

FissiPES  iiiRSUTA  (Miller)  Farwell  (nov.  comb.). 

Cypripedium  hirsutum  Miller  Gard.  Diet.  Ed.  8,  No.  3,  fiGS. 

Cypripedium  acaule  Ait.  Hort.  Kew  III,  303,  1789. 

The  rhizomes  and  roots  of  this  species  could  be  used  as  well 
as  those  of  the  others  allowed  ;  they  probably  form  part  of  the 
commercial  drug. 

Cypripedium  pubesceus  and  C.  parvitiorum  The  oldest  name 
for  the  large,  yellow-flowered  ladies'  slipper  is  Cypripedium  bul- 
bosum  Miller,  1.  c.  Xo.  2.  Linnseus  had  another  and  older  species 
of  the  same  name,  but  as  that  belongs  to  a  very  difi^erent  genus 
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Miller's   name   is  the  valid   one,   and   the   small.   yello\v-tlt)\vered 
ladies'  slipper  is  Cy[^rif>cdiiiiii  biilbosiiiii   Miller,  var.  panutloniiii 
(Sabisb,)  Farvvell. 

Drosera.  There  is  some  confusion  existing  regarding  the 
nomenclature  to  be  adopted  for  some  of  the  species  of  Drosera. 
If  Drosera  Aiigliea  Huds,  were  adopted  instead  of  Drosera  inter- 
media Hayne,  the  other  names  remaining  as  given,  the  result 
would  be  more  in  accordance  with  the  rules  of  priority. 

EuONYMUS.  The  proper  spelling  for  this  generic  name  is 
Evonymiis. 

Euphorbia  Pilulificka.  The  proper  name  for  the  plain  from 
which  this  drug  is  produced  is  Euphorbia  liirla  Linne ;  or  if  con- 
sidered as  a  genus  distinct  from  true  Euphorbia.  Chaiiucsyce 
hirta  (Linne)   Millspaugh. 

GossYPH  CoKTE.x.  Ill  CjossypiHin  Barbadcnse  Linne.  the 
specific  name,  a  geographical  one,  is  capitalized,  as  it  should  be ; 
but  this  is  an  oversight  of  the  proof-reader,  as  the  intention  was 
to  decapitalize  all  such  names.    They  should  be  recapitalized. 

K.WA.  This  drug  is  said  to  be  derived  from  Piper  Methysti- 
cum  Forster.  The  name  is  not  tenable  for  this  plant  because  of 
an  earlier  and  valid  Piper  Methystiseum  Linne  lilius ;  also  the 
authority  cited  should  have  been  ]''orstcr  tilius.  The  proper 
names  and  .synonym)-  for  the  tun  species  are  as  given  below. 
Both  are  known  as  "ava."  and  as  there  is  a  very  noticeable  dif- 
ference in  the  physical  appearance  of  the  roots  of  dilTerent  lots 
of  drug  it  is  possible  that  txith  species  enter  into  the  niake-ui> 
of  the  commercial  drug. 

Piper  Mcthyslieiiiii.  Linne  lilius.  Su])iil.  !•!.  KSl:  and  Lain. 
III.  I.  p.  81    (ITill  I. 

Piper  latifoliuiii  l.iime  liliiis  Suppl.  HiS,  \:s\,  and  hnrstcr 
fiHus  Prod.  5,  ITSti. 

Maeropiper  latifoliuiii  \\u\.  Syst.  Tip.  '.'IS.  ls|:i-L 

The  species  of  the  Xati(Mial  [•'urmulary  is: 

PiPKR  EStui.K.NTU.M  (Kaf.)  Larvvell  (nov.  comb.). 

Piper  Mcthvstinini  l-'orster  lilius  I 'I.  I-.scul.  7i>,  I7.S(i.  and 
I'rod.  5,  178(j  non  Linne,  tilins  I7.SL 

McOiysticnm  eseuleiihtiii  Kaf.  .Sylva    Tellur.  So,  1838. 

Maeropiper  lalifolium  Miq.  in  Liniuxa  XX   (1847)   VM). 

Methxslieiini  .Melhysticiiiii  (b'orster)  Lyons  Plant  N'ames 
301,  1907. 
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It  is  to  be  noted  that  C.  DeCandolle  in  the  Prodromus,  vol. 
Hi.  part  1.  page  354  (1869),  and  Hooker  and  Jackson  in  the 
Index  Kewensis.  vol.  2,  p.  14"2  (1895),  quote  Macropipcr  Mcthvs- 
ticiiiii  Hook,  and  Arn..  Bot.  Beech.  Voy.  p.  96,  as  a  synonym  of 
ihis  species.  These  citations  are  erroneous,  as  Hooker  and  Arnott 
used  the  combination  Piper  Metliysticiiin.  There  is  a  consider- 
able difference  of  opinion  among  botanists  as  to  the  generic  status 
of  these  plants,  some  retaining  them  in  the  genus  Piper  and 
others  in  Macropiper,  the  oldest  name  for  which  is  Methvstictiin 
Raf.  Sylva  Tellur,  85,  1838.  Under  this  genus  the  first  species 
above  with  synonymy  as  there  given  would  be : 

Mctliysticiim  Methysticum  (Linne  filius)  Farwell  (nov. 
comb. )  ;  and  the  other,  Methysticum  csculcntnm,  Raf. 

Krameria.  Krameria  Ixina  Linne  should  be  Kramer, a  f.viiie 
Linne.  "Ixine"  is  an  old  generic  name,  and  was  used  as  a 
specific  name  by  Linnaeus  in  1T58.  In  the  Species  Plantannn, 
1T62.  it  appeared  as  "Ixina,"  perhaps  a  typographical  error. 
"Ixina"  has  been  in  general  use,  but  the  older  spelling  should 
be  restored. 

Kola.  Said  to  be  derived  from  several  species  of  Cola  Schott 
and  Endlicher.  Cola  is  not  tenable  for  this  genus,  there  being 
several  older  names,  the  oldest  being  Bichea  Stokes.  The  most 
important  species  yielding  kola  is : 

Bichea  ACUMINATA  (Beauv.)  Farwell  (nov.  comb.). 

Stcrciilia  acuminata  Beauv.  Fl.  d'Ow  1,  t.  24,  1804. 

Bichea  solitaria  Stokes  Bot.  Mat.  Med.  II  565,  1812. 

Cola  acuminata  Schott  and  Endl.  Meletem.  33,  1832. 

Leptandr.\.  Leptandra  is  said  to  be  derived  from  "Veronica 
J'irginica  Linne."  This  plant  is  often  considered  to  be  gener- 
ically  distinct  from  true  P^eronica  under  the  name  of  Leptandra 
Xuttall;  the  oldest  generic  name,  however,  is  Veronicastrum 
Heister  in  Fabricius,  1759.  The  proper  nomenclature,  according 
to  rules  of  priority,  for  the  plants  producing  this  drug,  is : 

Veromcastrum  ViRGiNici-'M  (Linne)  Farwell  (nov.  comb.). 
Comb. ) . 

Veronica  Virginica  Linne  Sji.  PI.  9,  1T53,  and — 

\'eroxic.-\stru-M  (Lin.)  Farwell,  var.  lanceolatu.m  Farwell 
(nov.  comb.). 


Callistachya  Virginica  (Lin.)  Raf.  var.  lanceohita  Farwell 
Ann.  Rpt.  Mich.  Acad.  Sci.  XVII,  176  (Reprint  r.ll(i). 

Matico.  The  drug  is  said  to  be  obtained  from  the  Piper 
angustifoUum  Ruiz  et  Pavon.  The  name  is  not  tenable  for  this 
species,  as  it  is  the  vaHd  name  for  the  species  better  known  as 
Piper  consangu'ineum  Kunth.  Matico  is  derived  from  Pipe;- 
graniilosKiii  Ruiz  ct  Pavon.  which  is  the  vahd  name  for  th;- 
species. 

Melilotus.  Said  to  be  derived  from  "MelUotus  officinalis 
iLiiine)  Lamarcic"  :  it  should  read  Melilotus  MelilotiiS'OJfieiualis 
(  Linne  )  Ascherson  and  Grrehner. 

OLEtJM  AuR.\NTir.  .\.\i.\Ki  .\xn  Fldri'm.  Tlie  botanical  (irigin 
should  read  Citrus  .  lurantiiiin  l.innc;  the  "aiiiaru"  hetwcrn  the 
words  " Aurantiuin"  and  "Linnc"  is  superfluous. 

Oleum  Bergamott.k.  The  words  "Linne"  and  "xarieiy"  or 
its  abbreviation  '"var."  should  lie  inserted  between  the  words 
" Aurantium''  and  "Hergaiuia" ;  Wight  and  .Xrnott  described  a 
variety,  not  a  subspecies. 

Oleum  Cardamoml  The  proper  name  for  this  is  Ainoiuuui 
Cardamommn  Linne.  If  the  later  generic  name  is  to  he  used  the 
correct  citation  would  be  Elettaria  Cardainoinum  (  Linne)  .\laton. 

Oleum  AlYRicii.  The  proper  author  citation  for  riuieuta 
acris  is  (Swartz)  Kostel,  not  Wight. 

Persio.  "(Fam.  Parmeliacca- )"  should  he  in^t'rted  after 
"lichens." 

Petri  isi;li. \  1  Radix.  Petrosel.num  Petroselinuiu  (Linne) 
Karsten  is  the  v.ilid  designation  of  this  ])roduct.  I'etroselium 
hortense   llolTmaim  also  ha^  precedence  (i\-er  /'.  satii'uin. 

I'm  Toi.At  (  A.  I  lie  proper  and  \ali(l  name  is  t'liytolaeea 
.  hiierieami   l.imie. 

i'lME.VTA.  The  \alid  (U>ij.;nati(in  fur  this  is  I'iineuta  I'nneula 
(Linne)  Karsten. 

Sassaekas  Mkdull.v;.  The  v.ilid  name  fcir  thi-  jiroduct  is  .V(!.v- 
:,afras  Sassafras  (  Linne  i  Karsieii. 

SUCCL'S  ClTRl.  The  words  "l.iiine"  ;nul  "\ariely"  or  "\ar." 
sjiould  be  inserted  between  "Mediea"  and  "aeida.''  llonavia 
named  and  described  ,i  variet\,  not  a  subspecies.  Tiie  word 
"mediea"  is  a  ])ro])er  name  derived  from  Mecha,  and  should  he 
cajjitalized ;  also  to  distinguish  it  from  "mediea"  referring  to  use 
as  a  nietiicine. 
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'ricNKiiixTHA  LAKic  IS.  'lilt  pfopcr  designation  of  the  species 
producing  this  drug  is  Lavix  Larix  (Linne)  Karsten. 

\i:kbasci  Folja.  Besides  J'crbascitm  TItapsus  Linne,  this 
drug  is  allowed  to  be  derived  from  "other  species  of  verbascum." 
Since  the  genus  contains  200  or  more  species  of  wide  variation 
in  the  physical,  and  probably  in  the  therapeutic,  properties  of  the 
leaves,  it  would  seem  to  be  more  appropriate  to  limit  the  drug  to 
Verbasciini  Thapsus. 

Xanthoxyli  Fructus.  The  generic  name  should  be  spelled 
with  an  initial  Z  instead  of  an  X. 

In  order  to  restore  the  earliest  family  name  used  and  to  have 
them  all  end  in  "aceje"  the  following  changes  should  be  made : 


Fagacese 

to 

Castaneaceae. 

Moraceae 

to 

Lupulaceae. 

Polygonacese 

to 

Persicariaceae. 

Euphorbiacese 

to 

Tithymalaceae. 

Terebinthaceas 

to 

Pistaciaceae. 

Rhamnacese 

to 

Zizyphaceae. 

Sterculiaceje 

to 

Cacaoaceas. 

Araliaceae 

to 

Hederaceae. 

Umbelli  ferae 

to 

Umbellataceae. 

Oleaceje 

to 

Jasminaceae. 

Loganiaceae 

to 

Strychnaceae. 

Labiatse 

to 

Labiataceae. 

Rubiacese 

to 

Aparinaceae. 

Cucurbitaceae 

to 

Bryonaceae. 

Compositse 

to 

Compositaceae. 

Leguminosse 

to 

Leguminaceae, 

Krameriaceas   and 
Lomentaceae. 

Rosaceae 

to 

Rosaceae,   Pomaceae, 
and  Drupiferaceae. 

Celastracese 

to 

Arillataceae. 

Ericaceae 

to 

Monotropaceae. 

For  assistance  in  bibliography  my  thanks  are  due  to  Dr.  X. 
L.  Britton,  of  the  New  York  Botanical  Garden ;  Dr.  F.  V. 
Coville,  of  Washington,  D.  C. ;  Dr.  J.  A.  Nieuwland,  of  Xotre 
Dame,  Ind.,  and  to  Miss  Edith  Wycoff,  of  Cincinnati,  O. 
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OLIVER    ATKINS    FARWKLL. 

Mr.  O.  A.  Farwell,  author  of  this  article,  and  of  a  similar 
article  on  the  botanical  nomenclature  of  the  Pharmacopoeia  IX 
which  appeared  in  the  April  issue  of  the  Circular,  was  born  in 
Dorchester,  Mass.,  December  13th,  1867.  \\'hen  live  years  of 
age  his  family  removed  to  Michigan,  where,  in  the  public  schools 
and  under  the  guidance  of  private  tutors,  he  received  his  early 
education. 

His  father  died  in  issl.  and  at  the  age  of  fourteen,  the  future 
botanist  found  himself  thrown  suddenly  on  his  own  resources. 
I'or  a  period  of  eleven  years  he  tried  his  hand  variously  at  farm- 
ing, wood-cutting,  engineering  and  teaching,  and  finally,  in  18!»2, 
he  entered  the  employ  of  Parke,  Davis  &  Co.,  and  at  the  close 
of  the  year  was  appointed  assistant  to  the  botanist  and  librarian. 
The  following  year  he  took  on  the  added  duties  of  drug  inspector, 
and  more  lately,  in  liU)!).  relinquished  the  librarianship  in  order 
that  he  might  devote  his  undivided  attention  to  botany  and  phar- 
macognosy. He  has  ])ublished  a  number  of  papers  relative  to  the 
tlora  of  Michigan  and  the  histology  of  pharmaceutical  drugs. 

]Mr.  Farwell  has  been  an  active  member  of  the  Torrey  Botan- 
ical Club  of  New  York,  for  more  than  twenty  years,  a''.d  is  a 
charter  member  of  the  Michigan  Academy  of  Science  and  of  the 
Botanists  of  the  Central  States.  He  is  a  member  of  the  American 
Pharmaceutical  Association,  the  American  joint  Committee  on 
Horticultural  Xoineiu-latun-.  and  of  the  \;ilicinal  (  ietigraphic 
Society. 

He  is  a  member  of  the  following  patrintic  and  social  societies: 
.Sons  of  the  .\inerican  Revolution,  \e\\  I'.ngland  .'-locielv  of 
Detroit.  Society  of  the  Descendants  of  I'ilgrim  John  I  low  land. 
and  the  .Society  of  Mayflower  Descendants. 

lie  is  fond  of  hunting,  fishing,  traveling  and  reading,  and  is 
a  bachelor.  When  asked  the  why  and  wherefore  of  this  latter 
he  modestly  admits  that  he  is  still  too  young,  not  having  reached 
the  ;ige  of  discretion. 

I  The  following  comment^  on  Jalap  should  h.i\r  appeared  as 
a  pf)rtion  oi  Mr.  I'arwcirs  article  on  botanical  nonunclaiui  e  of 
'lie  United  State''  l'h;irinaco])(ei;i.  ])ublislied  in  the  .\pril  issue. — 
I  ditor  7'lir  Ihiij/fiisfs  L'irciilarA 


Jalapa.  The  proper  botanical  designation  for  this  drug  is 
E.vogoiiiuiii  Jalapa  ( Nuttall  and  Coxe )  Baillon.  Nuttall  was 
the  first  author  to  name  the  Jalap  of  commerce  and  medicine ;  he 
named  it  Ipomcea  Jalapa  in  the  Journal  of  the  American  Med- 
ical Sciences,  Vol.  5  for  1829.  p.  300,  1830.  There  is  an  older 
use  of  this  combination,  Ipomara  Jalapa,  Pursh,  so  that  Nuttall's 
name,  if  the  plant  is  to  remain  in  Jpomcea,  as  some  authors  main- 
tain, must  give  way  to  the  next  oldest,  which  is  Ipomcea  Purga 
(W'enderoth)  Hayne.  If  maintained  as  distinct  from  Ipomcea,  as 
most  authors  contend,  Nuttall's  earlier  name  is  available  and 
should  be  adopted. 


NATIONAL  FORMULARY  BOTANICAL 
NOMENCLATURE. 

The    Author    Here    Supplements    a    Paper    by    Him,    Appearing    in    The 

Druggists   Circular  for  May   of  Last  Year,    and  Adds   a  Criticism 

of  the  Naming  of  Two  Drugs  not  in  the   Official  Books. 

Bv  Oliver  Atkins  Farwell. 

Apii  Fructus.  Linne  included  two  species,  .A.  Pctroscliiuim 
(the  Parsle\-)  and  A.  gravcolcns  (the  Celery)  under  his  ,s;onus 
Aphtm  in  the  first  edition  of  the  Species  Plantarum.  As  the 
Parsley  is  the  type  species  of  the  genus  Apiiiiu.  the  Celer\,  if 
distinct,  must  be  given  another  name.  This  was  done  by  Adan- 
son  in  1763  in  the  Famlics  des  Plantcs,  where  he  gave  it  the  name 
Ccleri.    The  proper  name  is  Cclcri  gravcolcns  (Linne)  Britton. 

Berberis.  Said  to  be  derived  from  the  rhizome  and  the  roots 
of  species  of  the  section  Odostemon  Rafinesque.  Rafinesque  pub- 
lished the  name  Odostemon  as  of  generic  rank  and  not  as  the 
name  of  a  section  of  a  genus.  It  antedates  Nuttall's  name, 
Mahoiiia.  by  a  year.  The  ulrlest  sectional  name  is  Malioiiia-.  De 
Candollk.  in  J.  .\.  and  j.  |.  .Schullcs'  Systema.  \'I1.  pt.  1.  17, 
'iS'ii).     This  name  should  replace  Odnsti-inoii. 

Bravera.  The  botanical  source  of  this  drug  is  given  as 
Hagcnia  Abyssiiiica  (Bruce)  (Imelin.  Cusso,  Bruce  Trav.  \'.  I. 
22  and  33,  1790,  is  the  older  name.     The  i)roper  combination  is 

Cusso  Abvssisca  (Gmelin),  n.  comb. 

Hagcnia  Abyssiiiica  Gmelin,  Syst.  2,  t)13,  1791. 

Echinacea.  Echinacea  angitstifolia  De  Canix)i.i.e  should  not 
be  classed  as  a  synonym  of  Brainicria  pallida  (Nuttatl)  Britton: 
it  should  be  maintained  as  a  distinct  species  under  the  name 
Braitncria  angustifolia  (  Dc  Candolle)  llellcr. 

Galanga.  Said  to  be  derived  from  Alpinia  off'uinandii  1  lance. 
In  the  Species  Plantarum  1753,  Linne  adojited  the  genus  .  llpinia 
from  Royen  and  listed  but  one  species  thereunder,  the  Alpinia 
raccmosa.  by  later  botanists  referred  to  Rcncalmia  Linne  tilius. 
As  there  was  but  one  species  listed  under  Alpinia  by  the  elder 
Linne,  the  generic  name  Alpinia  nmst  naturally  be  accepted  for 
it  in  preference  to  the  later  name  of  the  younger  Linne.  As  this 
species  and  the  one  producing  the  drug  Galangal  are  not  con- 
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generic,   the  latter  manifestly  has   been   referred'  to  the   wrong 
genus.     The  oldest  generic  name  available  for  the  Galangal  is 
Languas  Koenig,  in  Retz,  Observ.  Ill,  64,  1T83.     The  proper 
combination  is : 

Languas  officinarum  (Hance),  n.  comb. 

Alpina  officinarum  Hance,  in  Journ.  Linn.  Soc.  XIII,  6,  1873, 
and  Journ.  Bat.  175,  1873.  This  combination  appears  under 
Galangal  in  the  Century  Dictionary,  IV,  p.  2432  (1911),  but  I 
am  unable  to  say  who  is  responsible  for  the  binomial. 

Helianthemum  has  been  restricted  and  the  sections  Halim- 
lUM,  TuBERARiA  and  FtTMANA  have  been  restored  to  generic 
rank.  The  species  producing  the  drug  fall  within  the  genus 
Halimum  but  it  is  not  the  oldest  available  name ;  Trichastero- 
phyllum  WiLDENOW  has  several  years  priority.  Helianthemum 
major  also  enters  into  the  makeup  of  the  commercial  drug  and 
both  species  should  be  allowed  as  its  source.    They  are : 

Trichasterophyllum  Canadense  (Linne),  n.  comb. 

Cistus  Canadensis  Linne,  Sp.  PI.  526,  1853. 

Trichasterophillum   major   (Linne),  n.  comb. 

Lechea  major  Linne,  Sp.  PI.  90,  1753. 

Petroselinum.  Said  to  be  derived  from  Petroseiiniim  sati- 
vum Hoffman.  It  should  be  Apiuni  Petroselinum  Linn  .  As  this 
species  is  the  type  of  the  genus  Apium,  this  name,  which  is  the 
oldest,  should  be  used,  rather  than  the  later  one. 

Pulsatilla.  The  group  of  plants  of  which  the  pulsatilla  is 
typical  seems  to  be  as  distinct  from  Anemone  as  is  Hepatica, 
the  Liverwort.  The  proper  names  under  this  genus  are  Pulsatilla 
Pulsatilla  (Linne)  Karsten,  Pulsatilla  pratensis  (Linne)  Miller, 
and  Pulsatilla  patens  (Linne)  Miller,  var.  Wolfgangiana  (Besser) 
Ledebour.  If  the  latter  is  to  be  considered  as  distinct  from  the 
European  plant  then  it  should  be  Pulsatilla  hersutissima  (Pursh) 
Britton :  if  retained  as  at  present  under  Anemone,  the  American 
species  should  be  Anemone  patens  Linn  ,  var.  Wolfgangiana 
(Besser)  Koch,  or  Anemone  hirsuitissima  (Pursh)  MacMillan. 
The  American  plant  is  better  considered  as  a  variety  of  the 
European  than  as  a  distinct  species. 

JuGLANDACE.-E  should  give  way  to  the  older  family  name  of 
Nuculacese. 

Mv  thanks  are  due  to  Dr.  A.  B.  Lvons,  of  Detroit,  for  calling 
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to  my  attention  the  fact  that  the  combination  Szvertia  Chirayita 
(Roxburgh)  had  been  made  by  himself  in  the  first  edition  of 
Plant  Names,  3(50,  1900 ;  and  to  Dr.  F.  W  Coville  of  Washing- 
ton that  the  combination  Biclica  aciiiii'niata  (Swartz)  had  been 
made  in  1909  by  W.  F.  Wight  in  the  Century  Dictionary,  XI, 
271,  and  in  1912  in  the  Bulletin  of  the  Bureau  of  Plant  Industry, 
Xo.  233,  60. 

In  my  papers  on  the  Botanical  Xomenclature  of  the  United 
States  Pharmacopoeia  IX  and  of  the  Xational  Formulary  IV,  I 
have  used  the  French  form  of  the  name  of  the  Swedish  botanist 
in  order  to  be  in  conformity  with  the  usage  of  those  works.  In 
future  editions  it  would  be  better,  it  seems  to  me.  to  use  the  Latin 
form,  Linnaeus,  or  the  simple  Swedish  form.  Linn,  in  order  to  be 
more  in  conformity  with  general  usage. 


In  my  capacity  as  a  member  of  the  Committee  on  Non-official 
Standards  of  Drugs  and  Chemicals  of  the  American  Pharmaceu- 
tical Association  it  fell  to  my  lot  to  write  up  the  description  of 
several  non-ofificial  drugs. 

In  my  researches  along  these  lines  it  became  evident  that  two 
of  the  drugs  investigated  were  known  under  s])ecific  names  which 
are  not  the  oldest  ones  apjilicd  to  them,  and,  therefore,  are  not 
the  proper  names  under  which  they  should  he  known  according 
to  the  laws  of  priority.  One  of  the  plants  is  the  Verbenaceous 
Prcmna  Taileiisis  Schauer.  Its  native  names  are  "Yoro"  and 
"Awalho."  It  is  a  native  of  Fiji  and  other  Pacific  islands, 
among  them  the  Tonga  Islands,  which  give  the  pharmaceutical 
name  "Tonga"  to  the  drug.     The  correct  name  is : 

Prkmna  aruorka  (Forst.  f.),  n.  comb. 

Scropluilariodcs  arborca  Fort  f.  Prodr.    No.  528,  p.  91,  1786. 

Preiiiiia  Taitciisis  Shauer  in  D.  C.  Prodr.    XI  p.  G38,  1847. 

(?)Lomatio  cyniosa  Sol.  in  Seem.   i'l.    \it.  187,  1865-73. 

It  is  most  remarkable  that  the  autli()r>  of  the  Index  Kewensis 
listed  the  last  above  named  synonym  Loiiiatia  cymosa,  Sol.,  as  the 
name  of  a  valid  species  of  the  Protiaceous  genus,  Lomatia,  R. 
Br.,  with  which  it  is  in  no  wise  connected.  There  is  an  older 
Prcmna  arborca  Roth,  hut  as  that  name  is  but  a  syiumyiu  of 
(iiiirli)ui  arborca  Rox/;.,  it  can  not  invalidate  tiie  use  nf  the 
s[)ecific  name  "arborca"  for  this  species. 
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The  other  species  is  that  coniferous  tree  of  northwestern 
Africa,  known  as  Arar  Tree  or  Sandarac  Tree  and  produces  the 
drug  Sandarac.  It  belongs  to  that  division  of  the  Pine  familv 
which  includes  the  Cypress.  Cedar,  and  Juniper. 

It  was  first  described  as  Thuya  arficiilata  Vahl.  in  Symb.  Bot. 
II,  p.  96,  1791.  Ventenat  renamed  it  CalUtris  quadrivalvis  in 
Decad.  10.  ISOS.  As  Vahl's  name  is  the  older  one,  the  proper 
name  should  be  C.^llitris  articulata  (Vahl).  n.  comb.  There 
is  an  older  C.  articulata  Hort,  for  a  horticultural  form  of  C. 
rhumbuidca  R.  Br.,  but  as  it  is  only  a  synonym  of  the  latter  it 
can  not  invalidate  the  use  of  the  specific  name  "articulata"  for 
the  .Sandarac  Tree. 
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(Reprinted    from    Mciiu'ir,-    .>f    the    T.'ru-y    l<nt.,„ical    Club.    Vol.    17.) 

SISYRINCHIUM  BERMUDIANA. 

Bv  Oliver  Atkins  Farwicll. 

(Department   of    Botany.    Parke.    Davis    &    Company,    Detroit,    Michigan.) 

Many  botanists  have  in  the  past  considered  the  pale-blue- 
flowered  Sisyrinchium  Bermudiana  L.,  of  the  Atlantic  coast,  and 
the  violet-blue  6".  Iridioides  Curtis,  of  Bermuda,  to  be  conspecific 
and  have  united  them  under  the  Linnaean  name.  Philip  Miller, 
who  cultivated  both,  side  by  side,  considered  them  to  be  amply 
distinct  and  described  them  separately  in  the  Gardeners  Diction- 
ary in  1768  but  applied  the  Linnsean  name  to  the  Bermuda  plant 
and  renamed  the  Atlantic  coast  species  as  S.  angustifolium. 
William  Curtis,  who,  like  Miller,  knew  both  plants,  also  consid- 
ered them  to  be  distinct  and  in  the  Botanical  Magazine,  plate  94, 
named  the  Bermuda  plant  5.  iridioides;  the  date  of  the  title  page 
of  volume  3  of  the  Botanical  Magazine  is  1790  but  the  printed 
date  on  the  plate  itself  is  September  1,  1789  ;  the  publication  of 
the  binomial  must,  therefore,  date  from  that  of  the  plate,  1789. 
Modern  botanists  follow  the  interpretation  of  Philip  Miller  by 
applj'ing  the  name  Sisyrinchium  B crmudiana  L.  to  the  plant  that 
is  endemic  in  the  Bermudas,  but  this  is  contrary  to  the  laws  of 
priority  as  expressed  in  both  the  Vienna  and  American  codes. 
Both  of  these  species  were  described  and  illustrated  by  Plukenet 
in  the  Almagestum  under  his  genus  Sisyrinchium;  likewise  by 
Dillenius  in  Hortus  Elthamensis  under  the  Tournefortian  genus 
Bermudiayia.  Linnaeus  in  the  Species  Plantarum,  page  954,  1753, 
combined  both  species  under  the  binomial  Sisyrinchium  Ber- 
mudiana, thus  preserving  to  science  both  of  the  old  generic  names 
under  each  of  which  the  species  had  previously  been  known.  The 
specific  name  Bermudiana  perpetuates  an  old  generic  name  and 
cannot  he  considered  as  having  been  given  to  the  species  as  a 
geographical  name  to  indicate  the  nativity  of  the  species ;  had 
that  been  the  idea  actuating  Linnaeus  he  in  all  probability  would 
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have  given  it  the  name  bcninnnriisc.  adopting  it  from  Plukenel, 
providing  he  had  intended  the  Bermndian  plant  to  be  the  type  of 
the  species.  But  Henisley  has  already  shown  {Journal  of  Botany 
22:  108-110.  1884)  that  Linnaeus  /;i  all  probability  had  never 
seen  the  plant  from  Bermuda.  As  a  matter  of  fact  he  made  the 
Bermuda  plant  his  var.  B  and  considered  it  to  be  of  such  small 
categorical  importance  that  he  did  not  give  to  it  even  a  varietal 
designation.  That  he  intended  the  Virginia  plant  to  represent 
typically  his  S.  Bermudiana  is  clearly  proved  by  the  fact  that  all 
references  to  it  were  enumerated  under  his  specific  name  and 
description  while  those  referring  to  the  Bermuda  plant  were 
grouped  under  his  unnamed  variety  B.  and  by  the  fact,  which  is 
still  more  to  the  point,  that  the  explanatory  note  with  its  fuller 
description  was  drawn  entirely  from  his  "Planta  a,"  i.e.,  the 
Virginia  plant.  A  careful  study  of  all  the  evidence  seems  to  indi- 
cate that: 

1.  Linnaeus  probably  never  saw  the  plant  from  Bermuda. 

2.  The  specific  name  Bermudiana  perpetuates  an  old  generic 
name  and  was  not  used  as  a  geographical  name  to  indicate  the 
origin  of  the  species  ;  thi.s  view  f<er  se  would  prevent  the  adojition 
of  the  Bermuda  plant  as  the  type  of  the  species. 

3.  The  Linnsean  descriptions  (diagnosis  and  footnote)  are 
based  upon  the  plant  from  Virginia,  which  must  therefore  be 
taken  to  be  the  type  of  the  species. 

4.  The  plant  from  Bernnida  should  he  known  under  the  first 
name  applicable  to  it,  S.  iridioidcs  Curtis. 
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NOTES  ON  THE  MICHIGAN  FLORA. 

Bv  Olivi£k  Atkixs  Farwell. 

(Department   of   Botany,  I'arke,    Davis   &   Company,    Detroit,    Michigan.) 

This  paper  is  the  first  of  a  series  that  will  record  from  time 
to  time  such  notes  on  rare  or  interesting  plants  of  Michigan  that 
may  be  brought  to  light  as  the  result  of  field  work  continued  from 
year  to  year,  together  with  such  remarks  on  the  last  edition  of  the 
Michigan  Flora,  by  Dr.  Beal,  as  may  be  deemed  necessary  to 
bring  the  nomenclature  in  that  work  up  to  present  standards. 
This  series,  to  all  intents  and  purposes,  is  a  continuation  of  "The 
Contributions  to  the  Botany  of  Michigan"  begun  in  the  Asa  Gray 
Bulletin. 

POLYPODIACEAE. 

ASPLENIUM    ANGUSTIFOLIUM,    Mx. 

A  very  graceful  fern,  local  in  distribution  and  not  very  plen- 
tiful when  found.  A  very  peculiar  feature  about  this  fern  is  the 
profusion  of  sterile  fronds  as  compared  with  the  fertile ;  clump 
after  clump  may  be  examined  without  discovering  a  single  fertile 
frond,  and  occasionally  a  station  for  this  fern  may  produce 
nothing  but  sterile  fronds.  No.  1531,  Rochester,  July  4,  1896; 
No.  45421^,  Stevens,  July  V.),  V.)\1. 

FiLix  NovEBORACEXsis  (  Linn. )  Farwell. 

This  fern  seems  to  be  one  of  our  rare  ones ;  it  is  closely  related 
to  the  prolific  Swamp  Shieldfern  but  is  confined  to  rich  woods 
while  the  latter,  as  the  name  indicates,  is  found  everywhere  in 
preferably  open,  swampy  or  boggy  grounds.  Xo.  458<S,  Roches- 
ter, September  12,  1917. 

FiLix  GoLDiEAXA  (Hooker)   Farwell. 

In  moist  woods.  A  large  broad  fern  with  large,  rather  dis- 
tant pinnae.  Only  occasional.  No.  1532,  Rochester,  July  4,  1896 ; 
Xo.  4183,  Utica,  June  6,  1916. 
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FiLix  BooTTii  ( 'I'uckL-niinn  )  I'arwell. 

This  species  was  found  in  a  tamarack  swamp  near  Oxford: 
the  only  other  place  in  Michigan  known  to  me  is  in  Keweenaw 
County.  These  plants  agree  perfectly  with  the  one  represented 
by  plate  (iii  in  Eaton's  Ferns  of  North  America.  No.  573, 
Keweenaw  County,  .\ugust  'i'-K  1SS7;  No.  4TG7.  Oxford,  October 
16,  1917. 

OPI IIOGLOSSACEAE. 

BoTKVciiu.M  uissilCTU.m,  Sprcng.  var.  obliquum   (  Muhl, )  Cluie. 

In  open  woods  and  in  fields  that  have  not  long  been  denuded 
of  their  woody  growth.  Scarce.  No.  4808,  at  Jimior  near  Royal 
Oak,  October  "28,  i:)17. 

BoTKYCHiu.M    DissKCTUM,    Sprcug.    var.    i;loxc..\tu.m     (Ciilb.    & 
JIaber. )      b'arwell. 

In  similar  situations  and  sometimes  associated  with  the  pre- 
ceding variety  but  much  rarer.  No.  4809.  Junior.  October  "38, 
1917. 

PIXACEAE. 

JUNIPURUS  CO.MMUXIS,   Linu. 

This  is  the  typical  arborescent  form  of  llu-  s])ecies  and  is  t[uile 
rare  here ;  it  is  to  be  looked  for  on  high,  dry  grounds,  as  indeed 
are  the  varieties,  although  one  of  them  may  be  found  on  low 
and  in  rather  swampy  ])laces.  No.  47;{9,  Oxford.  October  11, 
1917. 

JUNIPERUS  co.M.MUXis,  I. inn.  var.  I)i:im<i;ssa,  I'ursb. 

A  low  shrub  forming  large  mats  of  various  shapes,  b\-  means 
of  the  decumbent  stems  and  branches,  from  whicii  the  br.uuiilii> 
ascend  to  a  height  of  three  feet  or  less. 

Leaves  and  fruit  much  as  in  the  pieces.  Common  in  ( )aklan(l 
County  on  hillsides  and  even  extending  down  into  swam])y 
grounds.     No.  2074,  Rochester.  May   Vi.   I90!i. 

No.  2074a.  Geddis.  August  21.  1909;  No.  2.si:i,  July  II.  .md 
No.  2892.  July  2S,  1912.  Parkedale :  Xo.  42:!9.  June  29,  I'-ilC.. 
Cass  Lake. 
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JuNiPRES  coM.MUXis,  Liuii.  var.  moxtana.  Ait. 

A  low  shrub  forming  large  or  small  circular  mats  three  feet 
or  so  in  height.  While  the  mats  formed  by  this  variety  are  to  all 
appearances  much  the  same  as  in  the  preceding  variety,  yet  upon 
close  examination  it  is  apparent  that  they  are  formed  somewhat 
diflferently ;  in  most  cases  the  branches  radiate  from  a  short 
central  trunk  for  shorter  or  longer  distances  and  then  ascend  in 
the  manner  of  a  rosette ;  the  leaves  are  shorter,  broader,  strongly 
curved  at  base,  and  then  erect  or  nearly  so,  being  sub-appressed ; 
the  berries  are  larger  than  in  the  other  forms  above  enumerated. 
Although  this  is  not  a  traUiitg  shrub  it  can  scarcely  be  placed 
otherwise  than  with  this  variety.  No.  4.").  August  4.  1883,  and 
No.  3074,  August  22,  1912,  Keweenaw  County. 

GRAMIXACEAE. 
HoLcus  Sorghum,  Linn. 

Waste  grounds  at  Detroit,  No.  141 C.  August  18,  1883. 
Holcus  saccharatus,  Linn. 

Waste  grounds  at  Detroit,  Xo.  1957,  October  2,  1905. 

Holcus  saccharatus,  Linn.,  var.  TECHNICLTS  (Koernicke),  n. 
comb.  Andropogon  Sorghum  Brot.  var.  technicns  Koernicke, 
in  Hackel  in  DC.     Mon.  Phaner,  VI,  508-9,  1889. 

Waste  grounds  at  Detroit,  Xo.  2504,  September  T.  1911. 

Holcus  Durra,  Forsk. 

Waste  grounds  at  Detroit,  No.  3928,  October  26.  1914. 

Holcus  Durra,  Forsk,  var.  ^GYPTIACUS  (Koernicke),  n. 
comb.  Andropogon  Sorghum  Brot.  var.  .'Egyptiacus  (Koer- 
nicke) Hackel  1.  c,  516-7. 

Waste  grounds  at  Detroit,  No.  1958,  October  2,  1905.  The 
Sorghums,  like  Oats,  W'heat  and  Rye,  are  frequently  found  in 
waste  places.  Sometimes  the  Stations  are  destroyed  by  the  im- 
provements in  real  estate  that  are  continually  taking  place,  and 
again  they  will  spring  up  in  other  places.  They  seem  not  to 
take  a  strong  foothold  in  the  local  flora,  but  their  appearance  is 
rather  due  to  the  result  of  seed  being  thrown  nut  with  other 
rubbish  at  periodical  times  of  cleaning  up. 
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THE   C.EN'US    TAXICUM    I\    MKIIIC.AX. 

Since  the  publication  of  Real's  Michigan  Flora  in  1!)04,  the 
genus  Panicum  has  been  the  subject  of  intensive  and  extensive 
studies  in  field,  herbarium  and  library,  with  the  result  that  many 
new  species  have  been  published.  Dr.  Beal  enumerated  24 
species;  the  number  now  known  to  be  in  Michigan  is  .'iS.  an 
increase  of  over  50%;  while  ilic  ranges  of  distribution  of  10 
others  either  cross  Michigan  or  run  along  her  borders.  .\s  may 
naturally  be  expected,  there  are  a  number  of  changes  in  nomen- 
clature. Below  is  a  revised  list  showing  the  necessary  changes 
in  nomenclature,  and  such  additions  as  have  been  enumerated 
by  Hitchcock  and  Chase  in  their  monograph  of  the  North  Ameri- 
ca)! Species  of  Panicum  i)ublished  in  lillO  as  \'oluine  1.")  of  the 
Contributions  from  the  United  States  National  Herbarium,  ami 
others  that  I  have  since  found  or  that  have  been  segregated  from 
the  old  aggregates. 

I'ANKT'M     DHIIOTO.M  II-T.ORt'M.    M\. 

Dr.  Heal  lists  this  ;is  /'.  prulifrniiti  Lam.,  but  tin-  |>lant  is  not 
that  species.  Xo.  llDi.  Scptmibcr  ■?:!.  l'.)l.'>,  at  Oakwood.  .-md 
No.  4812.  Detroit.  Xovcmhcr   l.'i.   \'J\~i. 

I'anicum   I'I.i:xii.i-;  ( ( iattingrr  )   Scrihiicr. 

.ViimbcT  s:):;.  ()ri<ni.  August  ■.".>.  ISO.");  .\o.  SOIia.  Detroit, 
.August  -''.K  1012. 

1'anicl'm    I'll  II. aium'm  h  I'M  ,  I'.ci-iili. 

No.  :i2llb.  Detroit,  ( )i.ti)l)L'r  l.'i,  lOT.'.  first  time  reported, 
I  believe. 

I'a.miim  (  ai'Ii.i.aki:,  Linn, 

.\'o.  .").!().  Keweenaw  Co.,  .August  21),  is.s:  ;  Xo.  y.Uin,  Hcllc 
Isle,  .'\ugu.st  IH,  1.S02. 

I'A.MCf.M   M  ii.iA(i:rM  .  I.imi. 

No.  1414.  Detroit.  .August  IS,  ISO:!;  .\o,  lllj.i.  Ki-wcen.iw 
Co..  August.  IH04. 


Paxicu.m  vikcatu.m,  Linn. 

No.  1928,  Island  lake,  July  1«,  TJOo :  No.  2139>4,  St.  Clair 
Flats,  September  27,  1909;  No.  :305r,,  Algonac,  August  11,  1912; 
No.  3809,  Parkedale,  July  :iO,  1914.  No.  :iO.-).ji/'.  Algonac, 
August  11,  1912  (var.  conferta,  Vasey )  ;  Xo.  2126iX,  Detroit, 
August  21,  1909  (var.  elongata,  Vasey). 

Panicum  agrostoides,  Spreng. 

Washington,  Macomb  Co.  Dr.  Cooley.  Only  station  known 
in  the  State. 

Panicum  strictum,  Pursh. 

No.  3981,  Rochester,  June  20,  191-1  Listed  by  Beal  as  P. 
dcpaiipcratiDu.  Muhl. 

Panicum  perlongum,  Nash. 

No.  ITS,  Keweenaw  Co.,  July  18,  1890;  Xo.  7.j.3a,  Palmer 
Park,  June  16,  1898;  No.  2210,  Algonac,  June  11,  1911;  No. 
3970,  Parkedale,  June  13,  1915;  No.  3987,  Parkedale,  June  25, 
1915.     Not  reported  by  others  in  so  far  as  I  am  aware. 

Panicum  linearifolium,  Scribn. 

No.  597,  Keweenaw  Co.,  September  10,  1887 ;  No.  3986, 
Parkedale,  June  25,  1916;  also  at  Dearborn.  Agricultural  Col- 
lege, 1888,  Lake.  This  and  the  preceding  are  segregates  from  the 
old  P.  dcf^aitpcratitiu. 

P.ANicu.M   W'er.neri,  Scribn. 

Flint,  Dr.  Clark  (Field  Museum  Herbarium). 
Panicum   bore.ilLE,  Nash. 

Xo.  643,  Keweenaw  Co.,  August  8,  1888.  ' 

Panicu.m  dichotomum,  Linn. 

No.  210:,  Rochester,  August  15,  1909;  No.  4275,  Palmer 
Park.  July  2,  1916;  also  Dearborn,  1917.  Port  Huron  in  1899 
and  1909,  Dodge;  and  Grand  Beach  Springs,  Hill,  84  in  1908. 

Panicu.m  barbulatum^  ]\Lx. 

Port  Huron,  Dodge  in  1899  ;  Park  Lake,  Wheeler  17. 
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Paxicum  Dumus,  Desv. 

Listed  by  Dr.  Beal  as  P.  mociilaluin  Ashe. 

Paxicum  Lixdheimeki,  Xash. 
Port  Huron,  Dodge  in  1909. 

P.VXICUM    MERIDIOXALE,   Aslie. 

Xo.  3831,  Parkedale,  August  9,  1914:  Port  Huron,  Dodge  in 
1909 ;  Twin  Lakes.  Wheeler  24,  28 ;  Magician  Lake,  Unibach, 
2155. 

P.\xiCL"M  Albemaklexse,  Ashe. 
Cass  County,  Pepoon  in  1904. 

P.\XICUM    IMPLICATU.M,    .Sciil)!!. 

Xo.  59Ta,  August  Vi,  1888;  Xo.  59Tb  and  Xo.  (il.ia.  August 
16,  1888,  Keweenaw  Co.:  Xo.  KilO'/,  Dctidit.  July  l".'.  1898; 
Xo.  9860,  Parkedale.  July  1  t,  1!il2:  also  Dearborn.  I'ori  Huron, 
Dodge  in  1909  ;  Port  Alger.  Wheeler,  in  1895. 

Listed  by  Dr.  Beal  as  P.  dichotomum  var.  gracilc  at  least  in 
jjart ;  this  variety  also  included,  in  all  probability,  what  is  now 
known  as  P.  mcridiumilc. 

Paxicum  Huaciiucae,  Ashe. 

No.  643b,  Belle  Isle,  July  21,  ]8!i2:  Xo.  2S25,  Algouac,  July 
7,  1912;  Howard  Terrace,  Wheeler  in  ls!t:>.  Was  listed  by  Dr. 
Beal  as  P.  Culitiiibiaiittiit ;  possibly  also  a  jiari  of  P.  dichotomum 
var.  commune. 

Panicu.m   I1ia(  nil  ai:,  .\she,  var.  I'Ascjtfi-.vriM   (Torr. )   Hub- 
bard. 

Xo.  .^'.Cc.  Kcwei-naw  Co..  .\ugust  l(i.  1888;  No.  59rd,  Belle 
Isle,  .\ugust  31,  1892;  Xo.  1382,  ]3etroit,  June  24,  1893;  Port 
Huron,  Dodge  in  1909;  Grand  Beach  Springs,  Hill,  83  and  85, 
in  1908.    Listed  by  Dr.  Beal  as  a  variety  of  /'.  dichotomum. 

Paxicu.m  Tennesseexse,  Ashe. 

Xo.  3985,  {'arkedalc,  June  '.'•"i.  11115:  (iraud  P.eacli  .'^jjrings. 
Hill  86  in  1908;  Petoskey,   11  ill   102  in   18:8. 
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Panicu.m  pkecocius,  Hitch  and  Chase. 

No.  3462,  Parkedale,  June  15.  l!)i:'..  No.  3816,  Rochester, 
August  9,  1914;  Port  Huron,  Dodge  in  l!iOi).  Was  listed  by  Dr. 
Beal  as  P.  puhcsccns. 

Paxicum  subvillosum,  Ashe. 

Xo.  642,  Keweenaw  Co..  August  18.  1888;  No.  2210>4, 
Algonac,  June  11,  1911;  No.  3788,  July  26,  1914.  \\"as  listed  by 
Dr.  Beal  as  P.  nitidum. 

Pan  RUM   viLLOsissi.MUM.  Nash. 
Carleton.  Wheeler  in  1.S9(), 

Paxicum  Pseudopubescexs,  Nash. 

Saginaw  Bay,  Morris  240  in  part ;  Twin  Lakes.  Wheeler  in 
1900. 

Paxicum  Tsugetorum,  Nash. 

Port  Huron,  Dodge  in  1909  ;  Twin  Lakes,  Wheeler  82  :  Port 
.Austin,  Morris  A240  in  part. 

Paxicum  spiiaerocarpox,  Ell. 

No.  1388,  Detroit,  July  3,  1893  ;  Grand  Beach  Springs,  Hill 
88,  90  in  1908;  Magician  Lake,  Unibach,  21.33. 

Paxicu.m  multiflorum.  Ell. 

No.  212ra,  Royal  Oak.  .\ugust  24.  1909;  Washington,  Dr. 
Cooley.     Listed  by  Dr.  Beal  as  P.  polyanthes. 

Paxicum   macrocarpox,  Torr. 

No.  1610.  Detroit,  July  12,  1898;  Xo.  3969^4,  Parkedale, 
June  13.  litl.").  .\lso  at  Lothrop  and  at  Dearborn.  Very  com- 
mon in  Wayne  Co.    Listed  by  Dr.  Beal  as  P.  Scribnerianum. 

Paxicum  Leibergii  (Vassey)  Scribn. 
Hansens  Island,  Dodge  in  1899. 

Paxicum  xanthophysum,  A.  Gr. 

No.  764,  Keweenaw  Co.,  July  IS,  1890. 
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Panicum  umbrosum,  Le  Conte. 
Muskegon,  Wheeler   li). 

Paxicum  commutatum.  Schult. 

Xo.  1435,  Detroit.  August  25,  1S93 ;  Agricultural  College, 
Wheeler,    1890. 

Paxicum  claxdestixu.\[,  Linn. 

No.  3814,  Parkedale,  August  9,  1914;  No.  3889,  September 
13.  1914;  Port  Huron.  Dodge,  in  1904  and  in  1909. 

Pa-Xiclm   latifolium,  Linn. 

No.  1378,    Detroit,    June    22,    1893;    No.    3821,    Parkedale, 

August  9,   1914;   No.   4256,   Cass   Lake,   June  29,   1916;   Port 

Huron.  Dodge  in  1909.     Was  listed  by  Dr.   Heal  as  P.  luacro- 
carpoii. 

Paxicum   Boscii.  Poir. 

Xo.  1920.  Detroit,  June  29,  1905;  No.  3487,  Parkedale.  June 
15.  191;?.     Was  listed  by  Dr.  Deal  as  P.  Portcrianuin. 

I'.\NRL-.M   Pxiscii,  Pdir.  \ar.  .xuii.i.r.  (N'asey)   Hitch  and  Chase. 

.\'(i.  lull.  Alijonac.  July  25.  1915.  .Vol  before  repuru-d  fnmi 
the  ?tate,   1  believe. 

In  the  Kith  annual  l\c]")rt  of  the  Michigan  .\cadeniy  of 
Science  Dr.  Heal  listed  adilitional  species.  ( )f  tlioe  Paiiiciiiii 
Ashci  Pearson  is  P.  umbrosum ;  P.  laiUKjinosiiiii  V.U.  is  probably 
some  one  of  the  species  listed  above  hut  can  scarcely  be  the 
species  of  Elliott;  P.  laxitlorum  Lam.  is  not  the  species  of  that 
author  but  probably  either  P.  borcale,  Nash  or  P.  Xalapci\sc,  H. 
B.  K. ;  P.  pubi'scctis  Lam.  is  probably  some  one  of  the  species 
enumerated  above  but  not  the  s])ecies  of  LaMarck. 

Below  is  a  list  of  species  of  Panicum  that  may  conlidenlly  be 
expected  to  be  found,  sooner  or  later,  in  Michigan  by  reason  of 
the  fact  that  their  known  ranges  of  distribution  either  include 
some  part  of  Michigan  or  pass  very  closely  lo  her  borders. 

Panicum  CuttiiKjcri.  Xash, 

Panicum  clone/alum.  l'ur-.h. 

Panicum  anccps.  M.\. 


445 
Paiiiciiiii  I'crnicosiiiii,  Miihl. 
Panicum  Xalapense,  H.  B.  K. 
Panicum  microcarpon,  Muhl. 
Panicum  luciduni,  Ashe. 
Panicum  sprctum,  Schult. 
Panicum  scoparioides,  Ashe. 
Panicum  oligosanthes,  Schult. 

MUHLEXBERGIA   Mexicana    (Liii.)    Trill. 

More  or  less  common  along  sandy  or  gravelly  banks  that 
are  generally  moist  or  damp ;  No.  2128J4,  August  2.5,  1909,  Starr ; 
No.  3876,  September  7,  1914,  Parkedale ;  No.  4395,  August  22, 

1916,  Bloomfield ;  No.  4606,  September  16,  1917,  Bloomfield. 

MuHLENBERGiA  Me.xicana  (Lin.)  Trin.  var.  commutata 
(Scribn.)  Farwell. 

Agrostis  filiforniis,  W'illd.  Enuni.  Hort.  Berol.   1,  !)■),  1800. 

Agrostis  foliosa  Hort.  Willd.  1.  c. ;  as  a  synonym. 

Muhlenbergia  foliosa  Trin.  Gram.  Unifl.  190,  1824. 

In  similar  situations  but  less  frequent.  No.  906,  August  29, 
1896,  Orion;  No.  906a,  September  9,  1897,  Palmer  Park;  No. 
1656,  September   12,   1899,   Belle   Isle;   No.   4561,   September  9. 

1917,  Monroe  Piers. 

A  good  deal  of  confusion  has  arisen  through  certain  botanists  taking 
it  for  granted  that  the  Agrostis  filiformis  Muhl.  is  the  same  thing  as 
Willdenow's  species  of  the  same  name;  but  a  careful  comparison  of 
Muhlenberg's  description  with  that  of  Willdenow  will  show  that  these  two 
authors  were  describing  different  species.  The  former  described  a  species 
with  an  unazi'ned  floret  of  about  the  same  length  as  the  equal  glumes;  the 
latter  had  a  species  with  an  owned  floret  longer  than  the  unequal  glun.es. 
The  former  is  what  has  been  passing  as  M.  foliosa,  Trin.  or  M.  ambigna 
Torr. ;  the  latter  is  the  awned  state  of  M.  Mexicana.  .\s  there  is  already 
a  valid  Muhlenbergia  filiformis,  the  species  must  be  known  by  the  next 
available  name,  which  is  M.  ambigua,  Torr.  Torrey's  species  is,  however, 
the  awned  state,  while  that  of  Muhlenberg  was  the  unawned  condition  and 
this  may  be  known  as : 

Muiilenbercia  ambigua,  Torr..  var.  FILIFORMIS  (Muhl.),  n 
comb. 

Agrostis  filiforniis.  Muhl.  Gram.  66,  1817. 

Agrostis  lateriflora  Mx.  var.  jUiforwis  ( Muhl. )  Torr.  Fl.  I, 
86,  1824. 
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MuHLENBERC.iA  DIFFUSA   (]\Iuhl.),  n.  comb. 

Agrostis  diffusa  Muhl.  1.  c.  64,  Xot  Host. 
Agrosfis  sxhantica  Torr.  1.  c.  S7,  Xot  Lin. 
Mnlilcnhcrgia  iinihrosa  Scribn.  Rhodora  9,  20-\.  lliii'. 

There  is  an  earlier  M.  diffusa  W'illd.,  but  as  this  is  but  a 
synonym  of  M.  Schreberi,  Gmel.,  there  is  no  vahd  obstacle  to 
restoring  the  earliest  name  given  to  the  species.  No.  4730, 
October  ]1,  1917,  Oxford;  No.  4(17').  October  7,  1917,  Rochester.* 

Ki;bouli;.\  pallexs  (Sprcng. )  Farwell  var.  Nr.xjoK  (Torr.) 
Farwcll. 

In  low,  moist  grounds  ne-ar  Dearborn:  not  before  rei)orl(.'d 
from  the  state  in  so  far  as  I  am  aware;  No.  4.")1.'),  July  S,   1917. 

P.A.N'ICULAKI.V    NERVATA    (  \\'illd.  )    O.    K. 

The  typical  plant  is  strict,  about  1  foot  in  height,  with  erect 
uncxpanded  oblong  panicle  not  over  (!  inches  long ;  spikelets 
li/2-2J^  lines  long  by  1-1^  lines  wide,  ovate  or  oblong,  bright 
green,  or  when  fully  mature  with  a  slight  pur])lish  tinge  along 
the  apical  border  of  the  florets,  of  which  there  are  4  to  ',  to  the 
spikelet.  Not  common,  generally  in  rather  dry  situations.  No. 
4502a,  June  17,  1917.  Parkedale ;  No.  045,  August  S,  1888, 
Keweenaw  County. 

Paniculuna  ncrrala  (  Willd.  )  (  ).  K..  var.  f'l  1 .1  l-'Ok  M  l.s,  n, 
var.  Plant  larger,  two  or  three  t'eet  or  more  in  iieigbi.  panicle 
longer,  linear  or  filiform,  il  to  JH  inches  in  length,  erect  or 
slightly  curved,  branches  appresscd  or  subappressed.  spike- 
lets  smaller.  1  line  long  by  ^  line  in  width,  livid  or  pale 
green,  distant;  lower  glume  %  'i"<^"  '""K.  -i"'  ^Iuuh-  \s  line 
long;  simulates  I',  melicaria  (Mx.)  Ilitclic.  Low  wet 
grounds.  Dearborn,  No,    l.">ll'...  July  S.   P.HL 

I'aiiicularia  ucrvala  (Willd.)  O,  K„  var.  I'l'K  IT  U.XSfl'.NS, 
n.  var. 

•The  mtc  with  awnless  flowering  glume  may  be  known  as  Muhlenliergia  diffusa 
var.  ATTHNUATA  (Scril.n  1,  n  r.iml.,  MiMenbrraia  umbrasa  Scribn.  subsf.  alltminta 
Scribn.,  1  c.  21. 


Intermediate  between  the  species  and  the  var.  fiHformis  as  ',.0 
size  of  plant ;  expanded  panicle  usually  ample,  branchlets 
generally  drooping,  spikelets  purplish  throughout.  The 
commonest  form,  in  meadows;  No.  4495^4,  June  10,  1917, 
Utica ;  No.  51T,  August  10,  1887,  Keweenaw  County;  No. 
2786,  June  30,  l'.)12.  and  No.  3189,  June  15.  1013,  at 
Parkedale;  No.  :)17a.  July  2.  1892,  Belle  Isle. 

CYPERACEAE. 

Cvpents  fcrax.  Rich. 

Recorded  as  C.  speciosiis,  V'ahl,  from  Hubbardston  and  Flint. 
At  Monroe  Piers.  Farwell  and  Billington.  This  species 
seems  to  be  one  of  the  rare  ones  here ;  No.  1568,  September 
9.  1917. 

Cypcnis  strigosiis,  Linn.,  var.  coinpositus,  Britt. 

Foimd  in  abundance  in  low  groimds  at  Dearborn.  Not  before 
recorded  from  Michigan;  No.  4666,  .September  29,  1917, 
Dearborn;  No.  4592,  September  15,  1917,  River  Rouge. 

Stcnopliylliis  capillaris  (Linn.)   Britt. 

Found  by  Mr.  Billington  at  the  Zoo  Park  near  Royal  Oak. 
Rare  in  Michigan,  No.  4559,  September  8,  1917. 

Carex  Dcweyana,  Schw.,  var.  STRICTA,  n.  var.  Low.  about 
six  inches  in  height,  yellowish  green  leaves  and  culms  of 
about  the  same  length  and  rigidly  erect.  On  dry  sterile  hills 
and  fields,  Keweenaw  County,  No.  603,  September  12,  1887. 
The  typical  species  is  a  bright  green  plant  of  moist  wood- 
lands with  long  weak  culms  several  times  longer  than  the 
leaves,  usually  lying  flat  on  the  ground  or  very  nearly  so. 
No.  603a,  August  12,  1888,  Keweenaw  County;  603b,  June 
20,  1895,  Mackinac  Island;  No.  4498.  June  10.  l'.)17.  Utica. 

Carex  lupiilina.  Muhl.  var.  Bella-villa  (Dewey)  Bailey. 

Pistillate  spikes  scattered,  prigynia  spreading,  horizontal  or 
nearly  so.  Rare,  No.  4793.  October  26,  1917,  Rockwood, 
Farwell  and  Gladewitz.    Not  before  recorded  for  Michigan. 
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JUXCACEAE. 

Jiinciis  tenuis.  Willd.  v;ir.  aHtlichitus,  W'iegand. 

^lore  robust  than  tlie  species,  infloresence  longer,  and  the 
flowers  second.  The  first  time  reported  from  the  State. 
No.  4r)3(),  July  14,  r.Hr,  Dearborn. 

Jiiiu-iis  interior.  \\'iegand,  var.  UNIFLORUS,  n.  var. 

\'ery  slender,  almost  capillary,  four  or  five  inches  in  height, 
inflorescence  reduced  to  a  single,  sc-sile  flo\vi.'r.  Xo. 
4533J1..  July  14,  lUi:,  at  Dearborn,  Billington  and  b'arwell. 

J  linens  interior,  W'iegand.  var.   Ill  Lid  X<  I  !'(  ).\  1 1 .  n.  var. 

Slender,  four  or  five  inches  in  height,  iunorescence  unbellate, 
somewhat  similar  to  that  of  Juncoides  ])ilosuiu  var.  Miclii- 
ganense,  of  three  or  four  slender.  spre;iding  branchlets, 
each  ending  in  a  single  flower.  Xamed  for  .Mr.  Cecil  Bil- 
lington of  Detroit.  Xo.  i^)'-V-V/\.  July  11,  I'M:,  Dearborn, 
Billington  and  I'arwell. 

Juneoides  pilosum    (Linn.)   Coville  var.    M  U  1 1  U  iA.XKNSE, 
n.  var. 

l-Iool  leaves  half  evergreen,  more  or  less  ])ersistenl.  S  to  VI 
inches  long  by  2-4  lines  wide  and  longer  than  the  stems  at 
flowering  time ;  stem  leaves  about  3,  7  to  20  lines  long  by 
l-'i  wide :  unibell  mostly  simple  but  occasional!}-  some  of 
the  slender  somewhat  une(|ual  branclu's  wilii  a  second 
remote  flower;  perianth  scgnuMits,  dark  elwstniit  hroien. 
shimncj;  Xo.  4428>/.,  M.iy  i:;.  I'.HL  I'.luumlield.  In  the 
tyi)ical  European  species  tlu'  v.ihis  ni'  the  ]iud  .uc  ,ilirn|iily 
contracted  into  oblong,  broailly  obtuse  ti]is,  wliiK-  in  the 
American  j)lant  the  valves  ;ire  triangul.ir,  with  slraiglit 
edges,  and  acute  or  acutish. 

Juncoides  pilosum  (Linn.)  Coville  var.  .S.\L  TL'I'.-XSE  (  ber- 
nald )  n,  comb. 
Lucuhi  salluensis    I'ern.ild,   i\liod(ii;i,   \'.    lli."i,    llKKi. 
This    ditTers    from    liir    |ireceding    variety    in    having    the 
perianth  segments  of  ,i  ]i,ile  bmwn  color;  .\o.  'i'lM,   .May 
111.   11112.  I'arkedale   barn:. 
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Polygonatum    borcalc.    Greene,    var.    AIULTIl^'LORUM,    n. 

var. 
A    robust    form    23^4    to    4    feet    in    height,    with    the    lower 
peduncles    bearing    four    flowers,    the    central    ones    three 
flowers,  and  the  upper  two   and   one;   No.  4-tSiS,  June   ■">. 
1917;  Walled  Lake,  Farwell  and  Chandler. 

Polygonatum  melleum,  N.  Sp. 

Plant  about  two  feet  or  less  in  height ;  leaves  ovate,  larger 
ones  three  or  four  inches  long,  glabrous  beneath,  many 
nerved  but  none  except  the  midrib  conspicuously  larger  than 
the  others,  sessile  to  distinctly  short  petiolate,  not  amplexi- 
caule ;  peduncles  short,  about  y^  inch  or  less,  lowermost 
four  flowered,  reducing  to  one  on  the  uppermost ;  pedicles 
unequal,  the  longest  about  the  length  of  the  peduncle ; 
flowers  deep  honey  yellow,  5  to  (1  lines  long,  cylindrical ; 
anthers  and  free  portion  of  the  filament  of  equal  lengths 
or  the  latter  a  trifle  longer  and  minutely  but  densely 
pubescent,  the  pubescence,  in  the  fresh  flower,  being  dis- 
tinctly noticeable  to  the  unaided  eye.  On  sandy  grounds 
in  open  thickets  at  Algonac ;  No.  397-i,  June  IG.  1915. 

SALICACEAE. 
Salix  pediccllaris,  Pursh. 

This  swamp  or  bog  willow  has  been  restored  to  specific  rank, 
as  it  is  no  longer  considered  to  be  a  variety  of  the  Euro- 
pean 5".  Myrtilloidcs.  It  differs  from  the  variety  hypo- 
glaiica,  Fernald,  which  is  the  more  common  form,  in  having 
broader  leaves  green  on  both  sides.  No.  87,  June  23,  1884, 
Keweenaw  County ;  the  variety  occurs  at  Walled  Lake,  No. 
4480,  June  5,  1917,  and  in  Keweenaw  County,  No.  2050, 
June,   1908. 

Salix  scrrissima  (Bailey)  Fernald. 

This  is  the  rare  autumn  fruiting  willow.  The  usual  time  for 
flowering  of  this  species  is  so  much  later  than  for  the  other 
species  of  the  genus  that  the  superabundance  of  surround- 
ing foliage  renders  the   spikes  so  inconspicuous   that   they 
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are  generally  overlooked.  About  the  only  tune  that  it  is  at 
all  noticeable  is  in  the  autumn  when  the  bursting  pods  make 
the  plant  a  very  conspicuous  object  in  the  landscape.  No. 
ir533/<,  Lakeviile,  September  2,  1!)01 ;  Xo.  -^T-ll,  June  •■.':?. 
1912,  Parkedale;  Xo.  4762,  October  16,  1917,  Oxford. 


CORYL.VCEAE. 

Bctiila  puinila  Lin.,  and  its  varieties. 

The  low  Swam])  Birch  is  very  variable  in  size  and  shape  of 
leaf  and  extent  of  pubescence  even  on  the  same  plant.  In 
a  Tamarack  swamp  near  Walled  Lake  my  attention  was 
attracted  to  a  form  of  the  species  that  appeared  to  be  less 
pubescent  than  usual,  most  of  the  branches  being  entirelv 
glabrous,  showing  a  bright,  reddish  brown  bark  and  deeper 
green,  glabrous  leaves;  this  is  the  var.  glahcr.  Regel.  At 
Oxford  was  another  form,  the  young  leaves  of  which,  when 
pinched,  felt  sticky  with  exuding  resin.  The  resinous 
ciiaracter  proves  it  to  be  the  var.  i/laiitliilifcra.  Regel. 

Bctiila  puinila.  Lin. 

Xo.  227,  June  20,  liS8.j,  Keweenaw  County;  Xo.  22';a,  Ma\ 
30,  1895.  Orion;  Xo,  2560,  May  19,  1912,  Parkedale;  Xo. 
4217,  June  15,  ]916,  Pontiac ;  Xo.  4454^1,,  Oxford,  May 
20,   1917. 

Bctula  puinila,  Lin.,  var.  gland ulif era,   Regel. 
^Lay  20,   1917,  Oxford,  Xo.  UX\y,. 

lu'diilii  puinila.  var.  glaher.  Regel. 

The  early  glai)n)us  form,  not  resinous;  Xo.  448(i,  June  5, 
1917,  Walled  Lake. 
Another  sni.all  sliruli  r.ircli,  nni  |iul>esccnt.  but  willi  glan- 
dular, warty  branches,  i.s  Heliila  glaiuliilosa.  Mx.  Xu.  ;!2. 
July  13,  18H3,  Keweenaw  County;  Xo.  30HS,  August  26. 
1912,  Calumet.  A  dwarfer  form  with  rounder  leaves  is 
var.  rutuiidifolia  ( S])acb )  Regel.  No.  1S23',  1.,  .August 
1904.   Keweenaw   Countv. 
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CASTANEACEAE. 

J-agiis  grandifolia,  Ehrh.  var.  CaruUniana  Fern.  &  Rehd. 

Or.  Beal  lists  F .  Aincricana  Swe^-t  in  the  Michigan  Flora.  All 
that  1  have  seen  in  southern  Michigan  is  of  the  variety 
Carolinhina.  Probably  the  Beech  of  the  Upper  Peninsula 
is  typical  F.  grandifolia,  as  that  region  is  so  far  north  of  the 
present  kriown  range  of  the  variety  as  to  preclude  the  pos- 
sibility of  the  northern  Beech  belonging  to  it.  No.  865, 
Alay  7.  1SU6.  Highland  Park;  No.  3256,  October  27,  1912, 
Parkedale;  Xo.  4634,  September  23.  1917,  Tecoma ;  No. 
4447'^,  May  19,  1917,  Farmington.     (Flowering  branches, 

■    2-6  inches  high  from  lateral  buds  on  an  exposed  root.) 

Qucrcus  lyrata,  Walt. 

This,  the  Swamp  Post  Oak,  occurs  on  the  banks  ,p_f  Paint 
Creek,  north  of  Rochester.  Mr.  Brotherton  discovered  it 
many  years  ago  and  first  pointed  it  out  to  me  in  1896.  As 
it  is  not  recorded  in  the  Michigan  Flora,  I  presume  it  was 
not  reported  by  Mr.  Brotherton.  No.  4583,  September 
12,  1917. 

ULMACEAE. 
Celt  is  occideiitalis,  Lin. 

The  Hackberry  is  quite  frequent  in  southern  Michigan.  No. 
2120,  August  21,  1909,  Geddes;  No.  4754,  October  14,  1917. 
Redford.  Dr.  Beal  does  not  list  the  var.  crassifolia  (  Lam.) 
A.  Gr.,  but  it  is  frequent,  nevertheless,  in  Michigan.  It  is 
distinguished  from  the  species  by  its  leaves  being  very 
scabrous  above  and  by  the  pubescent  branchlets.  No.  4747,. 
October  14,  1!)]7,  at  Redford;  No.  4S00,  October  26,  1917, 
at  Rockwood. 

LUPULACEAE. 
Alonis  rubra,  Lin. 

The  native  Red  Mulberry  is  found  on  river  banks  and  in  rich 
woods.  There  are  not  many  of  the  wild  trees  now  left  and 
thev  do  not  bear  much  resemblance  to  the  cultivated  form. 


Tlie  leaves  are  often  a  foot  wide  by  l(i-lcS  incches  in  length 
exclusive  of  a  two-inch  petiole,  generally  unlobed  or  occa- 
sionally 2  or  3  lobed.  No.  4771,  October  20,  1»17,  at 
Redford  and  No.  4:90,  October  36,  1917.  at  Rockwood.  As 
an  escape  from  cultivation:  No.  1821.  July  13,  1904,  Grosse 
Pointe  Farms,  and  Xo.  aiiiill.  Mav  31.  191.">.  Detroit. 


URTICACEAE. 
Parictaria  /'eiiiiSYhiUiica.  Miihl. 

Credited  to  VanHuren  County  by  II.  .S.  Pepoon  in  ".Addi- 
tions to  the  Michigan  F'lora."  I  have  collected  it  at  Geddes. 
Xo.  2124,  August  21.  1909;  Farmington,  No.  4.')32,  July  29, 
1917:  and  Rockwood.  Xo.  47S9.  October  2(1,  1917.  Farwell 
and   (iladewilz. 

.\KISr(  )!.(  KlllACEAE. 
Asaniui  Caimdriisr.  I-inn. 

In  a  previous  i)aper.  I  made  the  remark  that  .\.  Canadense 
])robably  was  not  found  in  Michigan  but  that  all  our  wild 
Gingers  should  be  referred  to  ./.  acinninatiiiii  and  ./. 
rcflc.vitm.  .Such  a  statement  was  unwarranted  and  was 
based  on  an  accidental  mixture  of  specimens  and  labels 
which  at  ihc  time  had  esca|)ed  detection.  The  species  is 
quite  lonininn  in  wuuiN  in  southeastern  Michigan  and  prob- 
ably elsewhere.  .\o.  IHI^.  .\ugust  2"i.  I89S.  Keweenaw 
County;  Uil7a.  June  2.  IMMI,  lielle  Isle;  1(11  ;b.  .September 
9,  1899,  Birmingli;ini  ;  Xm.  :I:!I(i.  .May  1,   I9|;i.   I'arke  laic. 

Xo.  287.  .'\ugust  1.  iss;.  Keweenaw  ((iunt\.  is  ihc  varietx 
acumin.Uum,  .\shc. 

No.  Itili.s.  June  13.  1900.  I'.elle  Isle;  No.  l(i(J8a,  June  9,  1901, 
Rirmingham;  Xo.  3;!89,  May  25,  191U,  I'arkedale;  No. 
4448.  Farmington,  May  (9,  I!II7.  and  Xo.  1 1(!9.  June  2. 
1917,  .St.  Clair  Heights  arc  the  variety  reHexnin  (  I'.ickn  ) 
Kobinson. 
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A.  C'anadensf.  Liiin.  var.  AMHIGUU^M    (  Bickn. )   n.  comb. 

A.,rcflexum  (Bickn.)  var.  anibigitinii,  P)ickn.  P>ul.  Torr.  Bot. 
CI.  XXIV.  .-,3.-,.  18!i;. 

Differs  from  the  var.  rcficxuni  in  the  long  acuminate  lobes 
bearing  the  same  relation  to  that  variety  as  the  var.  acumin- 
atum does  to  the  specific  type.  The  color  of  the  lobes  as 
compared  with  typical  A.  Canadcnse  is  very  much  brighter, 
being  of  a  distinctly  reddish  tinge  while  that  of  the  species 
is  dark  purplish  brown,  and  the  white  parts  of  the  inner 
side  of  the  tube  are  more  conspicuous  as  they  are  more 
extensive.  No.  1618,  August  85.  1898,  Keweenaw  County; 
1618a,  May  19,  1907,  Detroit;  No.  2591,  May  27,  1912, 
Algonac;  No.  4501'/,,  June  10,  1917,  Utica. 

PERSICARIACEAE. 
Pulxgonnm  acre,  H.  B.  K. 

A  common  plant  in  wet  places.  No.  i;i4.'i,  September  23, 
1892.  and  134.3a.  September  27,  1893,  Belle  Isle.  A  small 
form  has  been  named  P.  acre  var.  Jcptostachyum,  Meisn. 
No.  2007,  September  12,  1806,  Belle  Isle  ;  No.  4620,  Sep- 
tember 23,  1917,  Tecoma,  A  large  form  has  been  described 
as  P.  pnnctatmn  var.  robustius  Small,  Bui.  Torr.  Bot.  CI. 
XX\,  447,  1894,  and  may  be  known  as  P.  acre  var.  robus- 
tius (Small)  n.  comb.  No.  2006,  September  12,  1906,  Belle 
Isle;  No.  4621,  September  23,  1917,  Tecoma. 

Polygonum  scandens,  Linn. 

A  twining  perennial  in  moist  thickets.  Fruiting  calyx  green 
with  scarious,  crisped  margins.  5  lines  long  or  somewhat 
longer;  achene  2]A  lines  long  by  II/2  wide.  No.  4796, 
October  26,  1917,  Rockwood,  Farwell  and  Gladewitz.  No, 
904,  August  29,  189.5,  Orion;  904a,  Sejitember  18,  1895, 
Belle  Isle. 

Polygo)unn  diinietoriuii,  Linn. 

High  climbing ;  fruiting  calyx  4  lines  or  less  long,  pale  brown 
or  yellowish  white  with  entire  margins ;  achene  about  1J4 
lines  long  by  1  wide.     .Strikingly  different  from  the  preced- 
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ing  and  by  far  the  commoner  species  in  southeastern  Michi- 
gan.   No.  45G0,  September  8,  191T,  Zoo  Park,  Royal  Oak  ; 
No.  1688,  October  2,  1900,  Detroit;  No.  2981,  August  11, 
1912,  and  No.  441T.  September  13,  1914,  Algonac. 

Rmncx  Paticntia.  Linn.,  var.  Kurdkus.  Boiss. 

Roadsides  at  Rochester,  Mich.  Well  established.  The  con- 
spicuous grain  on  the  fruiting  calyx  proves  this  to  be  the 
var.  Kurdicus.  Not  listed  in  the  "Flora."  Xo.  2092,  June 
30,   1909. 

BLIT.VC1':.\F.. 
Beta  vulgaris.  Linn. 

The  common  Red  Beet  of  the  gardens  has  hcconu'  adveiuive 
in  waste  jilaces  at  Detroit.     Xo.   I  111.  .Sc]itonihcr  25,   189:!. 

Kocliia  scofiaria   (Linn.)    .Schrad. 

Commonly  cultivated  for  its  bright  color  (luring  the  autumn 
months  and  known  as  Mexican  Fireweed.  Has  escaped 
from  cultivation.  Xo.  4596,  Se])temlK'r  !."),  19K,  River 
Kougc;  Xo.   IS,-,L  .\ugust  2:5,   19()J,  Detroit. 

Chenopodiiim  vulvaria.  Linn. 

.\  low  plant  with  small  hniadly  ov.ile  leaves,  wlK>le  plant 
exhaling  a  fetid  odor.     No.  I4:)2.  .\ugust  :il,   ISii:!,   Detroit. 

Cliciiopodium  nibriiiii,  Linn. 

Similar  to  C.  album  hut  not  mealy  and  the  caly.x  is  slightl)' 
Heshy  and  red.     Detroit,  Xo.  :i21.'),  October  20,   1912. 

.Uriplcx  hortciisis,  Linn. 

The  Garden  Orache.  extensively  cultivated  in  many  jjarts  of 
the  world  and  used  as  Spinach.  Waste  grounds  at  Diiroit, 
No.  1412,  August  IH,  1893,  and  Xo.  3198,  September  29. 
1912. 

AMAKANTHACEAI-:. 
Auwraiithiis  liybridus,  Linn,  .S|).    I'l.  909,    \','<\. 

.  Imaranllnts  chlorostacliys,  \\  illd..  Hist,  .\marani,  31,  I.  .\. 
f.  19,  1790. 

.Somewhat   simii.ir   to   ,/.   rrtrotlcxus,   but    mure    slender   and 
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flexiious,  smoother  and  greener,  bracts  longer  awned.     Xot 
so  common.     No.  45o8}4,  September  8,  191?,  Royal  Oak; 
No.  1330,  September  7,  1892,  Belle  Isle. 

Amaranthus  hybridiis,  Linn.,  var.  SANGUINEUS   (Regel), 

n.  comb. 
Amaranthus  hypocondriacns  Linn.  Sp.  PI.  991,  1753. 
Amaranthus  paniculatiis  Linn.  var.  sanguineus  Regel.  Flora 

XXXII,  164,  March,  1849,  not  Moq.  May,   1849. 
Amaranthus  paniculatus,  Linn.  var.  crythrostachys  Moq.  in 

DC,  Prodr.  XIII,  Pt.  2,  259,  May,  1849. 
Amaranthus      hybrid  us,      Linn.,      var.      H\'pochondriacus 

(Linn.).  Robinson,  Rhodora  X,  32,   1908. 

Commonly  cultivated  in  gardens  as  Princess  Feather.  An 
escape  and  well  established  in  some  places.  No.  loG,  June 
19,  1894,  and  No.  3189,  September  19,  1912,  Detroit. 

Amaranthus    hybridus,    Linn.,    var.    DENSUS    (Regel),    n. 

comb. 
Amaranthus  paniculatus  Linn.  Sp.  PL   140G,  1763. 
Amaranthus    paniculatus    a    snaguincus    c    densus,    Regel 

Flora  XXXII,  164,  March,  1849. 
Amaranthus  paniculatus  var.   purpurasccns   AIocj.    in   DC. 

Prodr.  XIII,  Pt.  257,  May,  1849. 
Amaranthus   hybridus   var.    paniculatus    (Linn.)    Uline    & 

Bray,  Mem.  Torr.  Bott.  CI.  V,  145,   1.S95. 

The  purple  Amaranth  of  Gardens.  Frequent  as  an  escape. 
No.  4564,  September  9,  1917,  Monroe  Piers;  No.  1489, 
October  19.  1894.  and  No.  3193,  September  26,  1912,  Belle 
Isle. 

Amaranthus  hybridus.  Linn.,  var.  crucntus  (\Jinn.)  Aloq. 

Am,aranthus  crucntus  Linn.  Syst.  X,  1269,  1759. 

Amaranthus  sanguineus,  Linn.  Sp.  PI.  1407,  1763. 
An  escape  from  cultivation  ;  waste  grounds,  Detroit.     October 

17,  1915,  No.  4130. 

Acnida  tamariscina  var.  cuncatcnata  (^Moq.)  Uline  &  Bray 
of  the  "Flora"  becomes  A.  tuberculata,  Moq.  var.  subnuda, 
Watson.     No.  1703,  October  3,  1900,  Detroit. 
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.Icnida    tmiuirlsciiui   var.    tiibcrculata    i  Muc|.  )    L'liiK'   &  llray 

of   ihe  "I-'lora"   becomes  ,/.   tiibcrculata,    Moq.      Xu.  1^(11. 

October   'i.    litOO.    Detroit:    No.    1704a,    August    '.M.  i;»l):i. 

Geddes;  No.  4r)54.  September  S,  1917,  Royal  Oak.  This 
and  the  next  were  also  observed  at  Monroe  Piers,  .'-^cinem- 
ber  9.  l!)i:. 

Acuida    tiibcrculata,    ^loq.    var.    prostrata    ( L'liue    &:    Hray ) 

Kobinson. 
No.  lo-j.").  September  S,   l!)j;.  Royal  Oak;  No.   14S;i,  Septem- 
ber 24.  l,s<)4.  Belle  Isle. 

II.i.KtKF,R.\Ck:.\K. 

Anychia  polyijoiioidcs.  Raf. 

Listed  in  the  "Mora"  as  ./.  dichotoma  Mx.  No.  2120V^, 
August  'i\,  liH)!).  (]eddes ;  No.  2125,  same  station  and  date, 
is  A.  Canadensis  (Linn.)  B.  S.  P.  Both  these  species  evi- 
dently are  rare  in  Michigan,  as  but  two  stations  for  this  and 
three  for  the  former  are  given  liy   Dr.   I'lcal. 

ALSLNACEAl-:. 

In  the  "Flora"  .Msine,  Liim.,  is  ado])ted  for  Stellaria.  Linn. 
ALSINE  Linn.  S]).  I'l.  ■.';•.'.  1  ;.'>:!,  is  the  proper  generic 
name  for  that  genus  of  plants  tiiat  is  better  known  as 
Si'KK(;UL.\KiA  or  TissA.  The  .Itsiiic  burcalis  becomes  .S'tcl- 
laria  borcalis,  Rigel,  var.  isuphylla.  l'"ernaUl ;  the  .llsiitc 
borcalis  alpcslris  (Fries)  Britt.  becomes  Stcllana  borcalis. 
var.  alpcslris.  .\.  ( ir.  As  llie  variet;il  name  of  (Iray  was 
based  on  plants  collected  by  Dr.  Robbins  in  the  Lake 
.Superior  region  his  name  alpcslris  should  be  adopted  rather 
than  tlie  later  tloribunda  of  I'"ernaid.  I  lie  reference  to  his 
variety  by  Dr.  Gray  of  tiie  Iuiro])eaii  S.  alpcslris,  i'"rics.  and 
.S".  Fcnclii,  Kegel,  is  merely  a  case  of  misidentilication  and 
cannot  in\;ilidatc  <  ir.iy's  v;iriei,al  naint\  I  In-  nilu-r  species 
(jf  .\lsine  will  be  known  under  .Stellai  i.i  with  the  >ame 
specific  appellations  resi)ectivel\  as  h>ied  under  Alsine.  .S . 
borcalis  Rigel.  var.  isophylla.  I'ernald.  .\o.  :!tll,  June  1, 
188(),  Keweenaw  County,  .S".  borcalis  var.  alpcslris.  .\.  (Jr. 
No.  'U>'>..  lune  I.  IHHi;.  Keweenaw  Countv. 
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Strllaria  incdia  (Linn.)   Cyril. 

A  common  dooryard  weed  and  a  pest  of  cultivated  grounds. 
Said  to  be  naturalized  from  Europe ;  No.  252,  July  5,  1885 
Keweenaw  County;  252a,  June  2;i,  I8!)l,  Ypsilnnti ;  No. 
252b,  September  30,  1892,  Detroit;  No.  2673,  June  11 
1912,  Parl<edale. 

It  is  found,  however,  along  the  banks  of  .streams  in  woods, 
etc.,  where  nothing  but  native  plants  are  found.  In  these 
.situations  there  is  no  doubt  in  my  mind  but  that  it  is  as 
certainly  native  as  any  other  plants  amongst  which  it  grows. 
No.  4432,  May  19,  1917,  Farmington. 

Stcllaria  media  (Linn.)  Cyr.,  var.  SUCCULENT. V  (Linn.) 
n.  comb. 

Holostcum  sHccnlcnttiui  Linn.  Sp.  PI.  88,  1753,  et.     Amoen. 
Acad.  Ill,  21,  1756. 

Plant  somewhat  succulent ;  stems  procumbent  and  often  3 
feet  or  more  long  forming  dense  mats  of  inextricably 
tangled  herbage;  upper  leaves  sessile,  elliptical,  often  13^1-2 
inches  long  by  one-third  as  wide.  In  low  grassy  hollows  in 
open  copses,  associated  with  native  Asters,  Heliopsis,  etc., 
and  probably  as  native  as  the  plants  in  whose  company  it  is 
growing.     No.  4753,  October  14,  1917,  Redford. 

Tissa  rubra  (Linn.)  Britt.  becomes  Alsinc  rubra  (Linn.) 
Crantz,  and  Spcrgular'ui  incdia  (Linn.  )  J.  &  C.  Presl.  .llsiitc 
media  (Linn.)  Crantz. 

Moehringa,  Linn.,  Ammodenia,  Patrin,  and  Minuartia,  Linn., 
are  united  with  Arenaria,  Linn,  or  kept  distinct  from  it 
according  to  the  individual  views  concerning  the  limitations 
of  genera,  of  those  authors  who  are  studying  these  plants. 

The  consensus  of  their  opinions,  however,  is  for  keeping  them 
distinct  from  Arenaria.  As  there  already  is  a  valid  Minu- 
artia stricta  (Swz.)  Hiern,  which  is  considered  by  Ameri- 
can botanists  to  be  distinct  from  Arenaria  stricta,  Mx.  (FI. 
I,  274,  1803),  the  latter  must  take  a  new  specific  name 
under  Minuartia;  the  next  available  name  is  Alsine 
Michan.vii  Fenzl,   Verbreit.  Alsin.  18,  1833  and   the  com- 
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bination  becomes  MINUARTIA  MICHAUXIl  (Fenzl) 
n.  comb.  No.  934,  August  29,  1895.  Orion;  Xos.  2G4."i. 
June  9,  1912,  3435,  June  8,  1913,  and  3475.  June  15.  1913. 
Parkedale. 

Silcnc  dichoioma.  Elirli. 

Common  in  the  vicinity  of  Rochester.     In  Gray's  Manual  tiiis 

species  is  said  to  have  a  5-ribbed  calyx,  but  the  plants  at 

Rochester  have  the  calyx  very  prominently  10-ribbed.     No. 

2836.  July  14,  1912,  Parkedale;  No.  4556.  September  27, 

1917.  Rochester. 

Silcnc  .Inglica.  Linn. 

Rather  a  rare  plant  in  Michigan.     No.  158.  .\ugiist  24.  1904. 
Detroit. 


.\■^■Mi'^AEACEAE. 

In  Rhodora  for  July,  191 G,  Mr.  Conard  has  very  conclusively 
shown  the  genera  Nymphaea.  Linn,  and  Nuphar,  Sm. 
should  be  retained  for  the  White  Water  Lilies  and  the  Yel- 
low Pond  Lilies  respectively. 


R.\NU\CL'LACEAE. 

Pulsatilla  patens    (Linn.)    Mill.    var.    IVolfganc/iana    (Bess.) 
Ledeb. 

P.  hirsutissinm  (Ph.)  Britt. 
The  American  Pasque  Flower  is  scarcely  distinct  si)ecitically 
from  the  European.  This  is  included  under  Anemone  in 
firay's  Manual,  where  Ilcpatica  is  maintained  as  a  distinct 
genus ;  but  Pulsatilla  has  just  as  good  claims  for  generic 
distinction  as  Hepatica.  No.  2048'/,.  May.  19()S.  Keweenaw 
County. 

Ancuiuni-  Riparia,  l*"ernal<l. 

Similar   to  A.    Vircjiniana   in   foliage,  but   it   has   large   white 

petaloid    sepals    which    are    persistent    year    after    year. 

\Vo(>:k-d  banks  at  Rochester;  No.  4329;/.  July   15.   i;nt!. 


.Inemone  Vlrginkuia.  Lin.  f.  leucosepala.  Fcrnald. 

Similar  to  the  specific  type  but  differing  in  having  petaloid 
sepals  of  a  creamy  white  color.  The  sepals  are  not  pure 
white  as  in  A.  riparia;  they  are  smaller  and  obovate.  while 
those  of  the  latter  are  broadly  oval.  The  petaloid  character 
of  the  sepals  is  not  reliable,  at  least  in  this  vicinity.  On 
July  14,  1917,  a  large  patch  of  this  form.  No.  4533,  was 
discovered  on  the  banks  of  a  small  ravine  near  Dearborn; 
it  answered  in  all  respects  to  the  description  as  published 
by  Mr.  Fernald  excepting  as  to  size  of  anthers,  which  in 
this  plant  had  a  wider  range  of  length,  0.75  mm.  to  1.5  mrr.. 
Upon  visiting  the  same  place  a  year  later  the  same  patch 
had  the  usual  small  sepals  characteristic  of  the  specific 
type ;  only  two  small  plants  had  the  petaloid  sepals,  the 
flowers  of  the  other  plants  having  reverted  to  the  noraial 
form  for  the  species.  Have  also  collected  this  form  at 
Detroit,  No.  1731,  July  19,  1901. 

BERBERIDACEAE. 

CatdophyllHiii  llialictroidcs  (Linn.)  Mx.  var.  GIGANTEUM, 
n.  var. 

Much  larger  in  all  its  parts:  panicle  3  or  4  inches  long; 
leaflets  2J/2— 4  inches  long  by  lyi  wide,  broadly  obovate  to 
ovate,  more  generally  rounded  at  base ;  petals  longer,  more 
tapering  to  the  base,  usually  purplish.  No.  4450,  May  19, 
1917,  Farmington. 

In  the  specific  type  the  leaflets  are  about  half  the  size  of  the 
above,  generally  cuneate  at  base,  and  the  petals  smaller,  not 
tapering  to  the  base,  and  of  a  greenish  color.  Xo.  444!i. 
May  19,  1917,  Farmington;  No.  1238a,  May  19,  1917, 
Detroit;  No.  1238,  May  21,  1892,  Ypsilanti. 

CRUCIFERACEAE. 

Bursa  Bursa-pastoris   (Linn.j    Britt.  var.   INTEGRIFOLIA 
(D.  C.)  n.  comb. 
Capsella  Bursa-pastoris  var.  intcgrifolia  DC.  Syst.  II.  384, 
1821. 
AH   the  leaves   oblanceolate   and   entire,   capsule   truncate   at 
apex,  whole  plant  weak,  branched  and  straggling.     Woods 
at  Farmington;  No.  4541,  July  21,  1917. 
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SiNAPis.  Linn. 

The  Charlock,  listed  by  Dr.  Beal  under  Brassica,  .should 
properly  be  referred  to  this  genus  under  the  name  Sinapis 
arvensis,  Linn.  No.  630a,  August  1.  ISiK),  Keweenaw  Co.; 
630g,  .\ugust  !<?,  1S01.  Yi)silanti;  No.  li.'iOh,  July  Ki.  1892, 
Belle  Isle;  No.  4.".o:.  June  -^S.   U)ir.  Rochester. 

There  is  a  form  of  the  species  which  is  much  more  hispid 
than  the  type,  the  pods  particularly  being  densely  hispid 
with  retrorse  bristles.  These  two  forms  bear  the  same 
relation  to  each  other  as  do  Sisymbrium  officinale  and  its 
var.  Iciocarpum.  only  in  the  latter  instance  it  is  the  specific 
type  that  has  the  hispid  ])ods.  Linnaeus  described  the  form 
with  hispid  pods  as  S.  ortcntalis  .\moen.  .\cad.  1\  :  -'SO, 
K'lii.  It  may  therefort-  he  known  a-.  Siiuipis  urvcitsis. 
Linn.  var.  okik.xt.m.is  (  I. inn.  )  n.  comb.  Xo.  •.'Osii,  lunc  3(1. 
VM)'.).   Rochester. 

The  White  Mustard,  Siiuipis  alba,  Linn.,  is  not  at  all  common 
in  the  State.  No.  ()3(),  July  31.  ISSH,  Keweenaw  Co. ;  (;30c, 
June  ■>].    iS!il;  and  .Xo.  ''r^):,.  Seiiteniher  ;.    liMl.   1  irtrnit. 

Barbarea  vcrna  (  Mill.  I   .\sch. 

This  species  of  ^'ellow  Cress  was  found  at  ().\f<>rd,  .May  'M. 

1917.     It  was  found  in  lnw   grassy  lands  alongside  of  road 

gutters.     No,  44.54. 

.SKD.XC  h:  \i:. 

Srdinn  tcrnatnut,  Mx. 

(  redited  to  Michigan  in  ( Iray's  Manual  but  not  inchuled  in 
the  "I'Mora."  It  was  first  found  in  abundance  at  .Southlield 
by  the  late  Mr.  Chandler.     .Xo.  4.")02".;.  June  Iti,  19 K. 

KO.SACK.M!;. 

Ofiilastcr  Oftiltf  alius   (I.inu.i   (  ).    K.  var.    I  X  Tl'.l-;  M  l-'.l  )l  U.S 
(  Rydb. ),  n.  comb. 
Ofuhistcr  intcniirdiiis  Rydb.  ni  I'.ritt.   .Man.    !:••.'.    1901. 

.Mature  fruit  imbcscent.  Runs  giadually  nilo  thr  -.pecies. 
Nos.  •^:■^s.  June  '23.  l91-.\  'iTTS.  June  3ti,  191-.',  ;md  3.549, 
October  ."..  ItM.f.  i'arkedale:  No.  3:19.   juK    I.  I'.Ml.  .Sionev 
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Creek;    No.    4133,    October    2-i.    l!il."i,    Detroit;    No.    3983, 
June,    1!)15,    Rochester;  the   species  has   been  collected  at 
Keweenaw  County ;  No.  114,  June  30,  1884. 

Sorharia  Sorbi folia    {  Linn. )    A.   Br. 

An  escape  from  cultivation.  Common  on  roadsides  near 
Stoney  Creek. 

Spiraea  salicifolia,  Lin.  is  an  Asiatic  species  not  found  in 
America  except  as  a  rare  escape  from  cultivation.  We  have 
two  species. 

Spiraea  alba.  Du  Roi,  with  oblanceolate  to  oblong  leaves.  No. 
3rS3,  July  -^'ti.  11)14,  Algonac;  No.  2915,  July  28,  1912, 
Parkedale;  11.5b.  July  21,  1893,  Belle  Isle;  115d,  August, 
11104,  Keweenaw  County;  4700,  October  T,  1917,  Orion; 
also  at  Oxford. 

Spiraea  alba.  Du  Roi,  var.  LANCEOLATA  (T.  &  G.j,  n. 
comb. 

Sf'irica  salicifolia  Linn.  \ar.  laiiccolata  T.  &  C  ]''l.  X.  .\.  I. 
41.5,  1840. 

Leaves  narrowly  oblanceolate.  Xo.  115,  June  30,  1884,  Ke- 
weenaw County;  115c,  July  23,  1902,  Detroit;  37S1.  July 
26,  1914,  Algonac;  also  at  Oxford. 

Spiraea  latifulia  (Ait.)   Borkh. 

Leaves  broadi\-  oblanceolate  or  obovate.  Xo.  115a,  July  23, 
1891,  Ypsilanti. 

Potentilla  recta.  Linn. 

Listed  in  the  ''Flora"  as  P.  sulphurea  Lam. 

It  is  spreading  rapidly  and  is  common  in  places.  No.  4529 
July  14.  1917,  Dearborn;  No.  1161,  June  27,  1891,  Ypsi- 
lanti; 1161a,  July  31,  1909,  Detroit.  i 

Potentilla  Anserina.  Linn. 

Common  in  places.  Xo.  181,  August  22,  1884,  Keweenaw 
County;  181a.  July  16,   1892,  Belle  Isle. 

Potentilla  Anserina,  Linn.  var.  sericea,  Hayne. 
Differs   from  the  species   in  having  the  leaves   silverv   silkv 
on  both  sides;  No.  4785i4,  October  21.  1917.  Lothrop. 
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Potciitilla    Anscrina.    Linn.    var.    Grocnlandica,    Tratt.    ( var. 

grandis  T.  &  G.) 
A  very  luxurient  form  of  the  species  usually  found  in  low, 

rich  meadow  land.     No.  'M\{\~, .  June  Vi.   1!M.").  De.roii. 

POMACEAE. 

Pyriis  Alien paria  (Linn. )  Elirh. 

The  European  Rowan  or  Mountain  Ash  was  discovered  in  a 
Tamarack  Swamp  at  Oxford.  Possibly  originating  from 
seed  dropjjed  by  some  bird  ;  it  seemed  to  be  in  a  thriving 
condition.  No.  4455,  May  30,  1917.  Has  also  escaped  at 
Ypsilanti,  No.  1169,  July  2\.  1891,  and  on  Belle  Isle,  IHiOa. 
August  13,  1904. 

CRATA1-:GL'S   Unn. 

The  Cr.  hrcvispina  of  the  "inora"  is  Cr.  Hrockzcavdi-,  C.  S. 
Sargent.  No.  lltj,  June  :'>0.  1^X4.  and  Xo.  ;i()(iO,  .\ugust 
23,   1IH3.  Keweenaw    County. 

CratacijHs  Cnts-galli.  Linn. 

This  species  is  quite  comuKJii  in  southeastern  Michitjan.  Nos. 
1333,  2597,  and  3231. 

Crataegus  Crus-galli,  Linn.,  var,  Prunifolia   (Marsh.)   Loud. 

Corymbs  and  under  surface  of  leaves  more  or  less  pubescent ; 
leaves  very  large,  often  over  3  inches  wide.  The  name, 
Prunifolia,  dates  from  If.  Marshall,  who  described  the 
pubescent  form.  .Synonyms  are:  Mcspiliis  Pntuifolia 
Marsh,  Arbust,  90.  1885;  French  Ed.  140,  1888;  Crataegus 
Prunifolia  Bosc ;  DC,  Prod.  11,  C27,  1827;  Crataegus  per- 
siinilis,  C.  S,  Sarg, ;  and  C.  Fanvellii.  C,  S.  Sarg.,  Mich. 
Geol,  Surv.  Kep,  1000,  p.  519  (1907);  C.  Crus-galli  X 
macracavtiui  W  .  W.  l-lggl.  Rhodora,  X.  7(1,  1908.  This 
variety  is  foiuid  occasionally.  .Vo.  I7()(l,  .Sept,  25,  1901. 
Belle  Isle, 

Crataegus  Crus-galli,   Linn.,   var,   .\1  TE.XLW'IW    (  .\slu- i    n 
comb. 

C.  attenuata  .\^lu-.  Jour.  Elisha  Mitch.  Soc.  .\l.\  jit.   1,  30, 
1903. 
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C.  Bartrainiana  C.  S.  S.  Proc.  Acad.  Phil.  LVII,  582,  1905. 

C.  Crits-galli.  var.  Priinifolia  W.  W.  Eggl.    Rhodora  X  75, 
1908  not  of  Loudon. 

Similar  to  the  var.  Prunifolia  but  leaves  and  corymbs  glab- 
rous. According  to  Eggleston  this  is  Mcspilus  Prunifolia 
Poir.  Crataegus  Prunifolia  Pers.  Eucher.  1137,  1807,  is 
probably  the  same  thing.  No.  4672,  October  1,  1917, 
Rochester. 

Crataegus  Arduennae.  C.  S.  S. 
Detroit.  (Ictober  13,  1904,  No.  1884. 

Crataegus  punctata,  Jacq.  var.  aurca,  Ait. 

An  occasional  form  in  which  the  fruit  is  yellow  :  No.  4749, 
October  14,  1917,  Redford;  2135,  September  0,  1909,  and 
3540,  October  5,  1913,  Rochester;  3551,  October  5,  1913, 
Parkedale. 

Crataegus  punctata,  var.  cancscens,  Britt. 
An  occasional   form   in   which    the   leaves   and   corymbs   are 
densely  canescent.     No.  2021,  June  1(3,  1907,  Detroit. 

Crataegus  Taetrica,  C.  S.  S. 
Detroit,  May  30,  1912,  No.  2595. 

Crataegus  opulens.  C.  S.  S. 
Detroit,  No.  3270. 

The  Crataegus  uiacracantha,  Lodd.  has  been  superseded  by 
C.  succulcnta  Schrader,  the  latter  name  dating  from  1831 
while  the  former  is  usually  dated  from  1838,  the  date  upon 
the  title  page  of  Loudon's  Arb.  Brit.  But  Lindley  in  the 
Bot.  Reg.  XXII  under  plate  1912,  1836,  quotes  C.  uiacra- 
cantha Lodd.  Cat.  (.without  date)  and  Loudon,  Arb.  Brit. 
II,  819 ;  this  would  indicate  that  that  part  of  Loudon's 
work  on  the  Crataegi  had  already  been  published :  it  is 
therefore  doubtful  as  to  which  name  was  first  published. 
The  more  familiar  name  is  here  retained.  The  spines  of 
this  species  are  very  stout  and  heavy,  often  4  inches  or  more 
long,  and  compound.    No.  4741,  October  14,  1917,  Redford. 
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Crataegus  Micliiganeiisis.  Ashe. 

Collected  at  Redford,  October  14,  19ir,  No.  4740;  No.  3376. 
May  24,  1913,  Belle  Isle.  The  spines  of  this  are  very  light 
and  slender  and  the  berries  are  smaller  than  those  of  the 
preceding;  C.  macracanthaya.T.  minor.  Lodd.,  differing  from 
the  species  only  in  the  smaller  fruit,  may  he  thi;;  or  more 
probably  C.  rhoiubifolia  C.  S.  S. 

nKUP.XCEAE. 

f'ninus  ciiucata.  Raf. 

On  sandy  hills  north  of  Utica.  Xut  common.  No.  449(). 
June  10,  1917.  Billington.  Chandler,  l-'arwell  &  (iladewitz  : 
No.  1733.  August  1.  1901.  Keweenaw  Comity. 

Pniniis  Avium.  I. inn. 

.\n  escape  near  Walled  Lake.  June  o.  1917.  No.  4185; 
Detroit.  3309,  May  3,  1913;  Keweenaw  County,  (i47, 
August  S.   IS.SS;  Ypsilanti,   (ilta,   Ma\     1.    1S91. 

LEGUMIXACEAK. 
Hiipti.ua  alba  (  Linn. )  R.  Br. 

In  dry.  rather  sandy  lifl(l.>;.  Rare.  .Vo.  44!f<!  l...  June  .">.  I'.iK. 
Walled  Lake. 

Cracca  Virginiana.  Linn. 

On  dry   sandy  hills  and   fields.     No.   93(5,  August   28,   189,5, 

Orion;  93(;;i.   July    Ki.    I90r..   Island   Lake;  ATriX.   July    13. 

1!H:.    Roelu-stcr. 

Lcspcdcza  rcfun.-i.  l.imi. 

Dry  sandy  soils  at  Del n 'It      Kare.     Xo.  4."i;i'.i.  .\ugust  IS,  \\H', . 

n.\.\l.||).\Clv\K. 
Oxalis  Acflo.silla.  Linn. 

In  cool,  rich  woods.  Kc\\cena\\  COnnlx.  Kaic.  .\o.  .'{(17, 
June    1,    issil. 

O.valis  coniiculdla.  Linn. 
().  rcficns,  Thumb. 


465 

An  escape  from  cultivation  in  various  places.     Rochester,  No. 

1523,  July  4,  1896.  Detroit,  No.  4644,  September  25,  1917. 
Mr.  Gladewitz  has  also  found  it  in  another  section  of 
Detroit. 

O.valis  comic iilata.  var.  Dillcnii  ( Jacq. )  Trelease. 

().  stncta  Small,  P.ull.  Torr.  Club  XXIII.  --.^t;:,   lsi)(;. 

.\  common  plant  in  southeastern  Michigan.  No.  4660,  Sep- 
tember 20,  1917,  Dearborn:  No.  4557,  September  8.  1917, 
Royal  Oak;  2712,  June  16,  1912,  Algonac ;  2671,  June  1, 
1912,  Parkedale;  1524a,  June  14,  1901,  Belle  Isle;  and  No. 

1524,  July  4,  1896,  Rochester.  Generally  slightly  decum- 
bent or  erect  in  the  spring,  when  it  appears  specificaly  dis- 
tinct from  the  specific  type ;  often  creeping  during  the 
summer,  and  prostrate  and  rooting  at  the  joints  in  the 
autumn,  which  ])roves  it  to  be  not  distinct  from  ().  cor- 
niculata. 

O.valis  stricta.  Linn. 
O.  cymoja  Small.  1.  c. 

Frequent  in  open  woods  and  copses.  Seems  to  be  disappear- 
ing from  southeastern  Michigan.  No.  1159,  June  25,  1891, 
Ypsilanti;  1159a,  July  21,  1892,  Belle  Isle;  1525,  July  4, 
1896,  Rochester;  1525a,  September  30,  1897,  Belle  Isle; 
2813,  July  14,  1912,  Parkedale. 

Oxalis  stricta,  var.  RUFA  (Small),  n.  comb. 
O.  rufa  Small,  Britt,  Man.  577,  1901. 

The  plants  are  purplish.  At  Dearborn  it  was  rather  frequent 
and  in  association  with  the  species,  into  which  it  passed. 
Intermediates  passing  through  all  stages  of  coloration  from 
green  to  purple  were  as  common  as  either  extreme.  No. 
4513,  July  8,  1917. 

O.val's  stricta.  \ar,  Busliii  (Small),  n.  comb. 

().  Bushii  .Small,  Bull.  Torr.  Club,  XXV,  611,  1898. 
.Associated  with  the  species  and  passing  into  it. 

No.  2121,  August  24.  1909.  Geddes  ;  No.  4543,  July  29.  1!»17. 
Farmington. 
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PISTACIACEAE. 

Rhus  Canadensis,  Marsh,  var.  Illiiiocusis  (Greene)  Fern. 

Leaves  and  twigs  lonientulose.  Rare.  Dry.  sandv  banks. 
Xo.  4.V20.  July  i;i   1917,  Rochester. 

AQUIFOLIACEAE. 

Ilex  verticillata  (Linn.)  .\.  (Ir.  var.  tcnuifolia  (Torr.)  Wats. 

Common  in  low  grounds  in  southern  Michigan.  Differs  from 
the  species  in  being  less  pubescent  on  the  lower  veins  of  the 
leaves  and  in  being  pellucid  punctate  under  a  lens.  No. 
4716,  Oxford,  October  U.  1917;  3687,  June  21,  1914,  and 
3207,  October  13.  1!)12.  .Mgonac :  186.").  August  30,  1904. 
Belle  L^le. 

M.\L\'.\CEAE. 
Mah'u  iHoschata,  Linn. 

Mowers  pink,  lower  leaves  incised.  Occasional.  Near  Marl 
Lake,   Xo.    l.")!.'..  August  5,  11»17. 

Mitlva  inoschata,  var.  uiidulata,  Sims. 

All  the  leaves  deeply  and  numerously  di\  ided  into  linear  lobes, 

flowers   white.      Occasional,    Keweenaw    County,    No.    364, 

June  1,  1886. 

Hibiscus  palustris.  Linn. 

It  is  more  than  probable  that  this  is  distinct  from  //.  Mos- 
clicutos.  Linn.  H.  Opulifolius  Greene  is  probably  the  same 
as  this.  (Irosse  Isle,  4668,  September  30,  1!)17,  and  ISO^a, 
August  14.  1909;  shores  of  Lake  Erie,  No.  45711^:.,  Sep- 
tember II,  11(17:  Monroe  Piers.  4r)70,'l'.  September  '.>.  1MI7, 
l«05b,  .\iigust  20,  l!)10:  Detroit.  No.  180.").  July  18,  lliOii. 

iiMr.i:LL.\T.vcJiAi:. 

i'oriaudruin  satifuin.  Linn, 
On  waste  groniuU  ,ii   hciniii.  Xo.   i:::i|,   |ul\-   is.   |S'.i;t.  ;ind 
2I!I6,  .September   IL   IIMI. 
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LfZ'isticiiiii   Ln'istlciiin    (Linn.)    Karst. 

Lake  Linden,  where  it  is  an  escape  from  cultivation. 

Ligiistictim  Canadense  (Linn.)  Britt. 

Monroe  Piers.  No.  2187,  August  20,  1910. 

Pimfiinclla  .liiisiiiii.  Linn. 
On  waste  grounds  at  Detroit.  No.  1171.  July  10,  ISiU,  and 
2495,  September  7,  1911. 

Saiiiciila  trifoliata,  Bickn. 

Near  Rochester,   No.  4652,  September  27,  1917. 

GENTL\NACEAE. 
Gcntiana  linearis,  Froel,  var.  latifolia,  A.  Gr. 

A  common  Gentian  in  the  Copper  District  of  upper  Michigan. 
No.  292,  August  1.  1885;  No.  4647.  September  25,  1917, 
Parkedale,  where  probably  a  stray  introduction  from  further 
north  by  way  of  the  railroad  lines  that  pass  near  by. 

G.  flavida,  A.  Gr. 

Occasional  at  Bloomfield ;  No.  4607,  September  16,  1917. 

ASCLEPLA.DACEAE. 
Asclc['ias  Syriaca,  Linn. 

In  fields  and  waste  jilaces,  common.  There  are  two  forms  of 
this  species :  one,  the  type  form,  with  broadly  oblong  or  oval 
obtuse  leaves  (5-8  inches  long  by  3y^  inches  wide)  and 
with  generally  tuberculated  fruits ;  and  another  form  with 
narrowly  oblong  to  oblong-lanceolate  acute  or  acutish 
leaves  (4  to  10  inches. long  by  li/^  to  2^  inches  wide)  and 
with  generally  smooth  (non-tuberculate)  fruits.  The  first 
is  the  true  A.  Svriaca.  Linn.  Rochester,  No.  4586,  Septem- 
ber 12,  1917:  Parkedale,  2847,  July  14,  1912,  and  2989, 
August  4,  1912  ;  1151.  Ypsilanti,  June  13,  1891  ;  1151a,  Belle 
Isle,  July  21,  1893.  The  second  is  the  var.  Illinoensis,  Pers. 
No.  4587.  September  12,  1917,  Rochester;  also  at  Detroit. 
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POLEMOXIACEAE. 
Phlox   f'aniciihita,    Lin.,   var.    acuminata    (I'h.)    A.    dr. 

Royal  Oak,  No.  4552,  September  8,  1917;  1183,  July  2G,  1891, 
Ypsilanti ;  1151a,  October  4,  1904.  Keweenaw  County. 

Phlox  subiilata,  Linn. 

Oxford,  May  20,  1917,  No.  4452;  Rochester,  S63a.  May  12. 
1909 ;  Belle  Isle,  863,  May  1,  1896. 

BORAC.INACEAE. 

Syiiiphyliiin   officinale.   Linn.,  var.  purpurcum.   Pits. 
Waste  grounds  at  Detroit;  No.  4523,  July   14.   I'.dT. 

Echiiim  vuhjarc.  Linn. 

Waste  grounds  al  Detroit;  Xu.   15;M,  July  'IX.  1917. 

\ERBEN.\CEAE. 

Lijipia  laiiccoUita,  Mx. 

Occasional.  In  the  ])l;uUs  that  I  ha\e  setn  the  slender 
peduncles,  e\en  in  fruit,  are  shcirler  than  the  leaves,  which 
are  often  3  or  4  inches  long,  lanceolate  to  ovate-lanceolate, 
acute,  coarsely  dentate  serrate  and  cuneate.  No.  4798. 
October  26,  1917,  Rockwood ;  2136,  September  IS,  1!I09, 
Grosse  Isle;  213(;a,  August  20,  1910,  Monroe  Piers. 

L.MUA  r.XCEAl'.. 
TciicriuDi  CaiKulcnsc,  Linn. 

f)ccasioiial ;   Rockwood,   October   26,    I'.M;:    .Nd.    129S,   August 
12,  1892,  Belle  Isle;  4351,  August   li.    liilil,   l''armington. 

Teiicriiiiii  occidcittulr.    \.  <  Ir. 

Erequent ;  Detroit,  July  ■-'!,   i:»!7.  No.  4539)^. 

Tcucriitm   Diciilhlfoliinii.   I'icknell, 

Frequent;  Monroe  Piers,  September  9,  1917,  No.  4569;  4390, 

.\ugust   20,    liilC,  Cirosse   Isle;    I8';7.  September   13,   1904, 

Detroit;  is:ia,   |ulv   16,  11105.  Island  Lake. 


Tricliosfcuia  dicliotoiiuiiii.  Linn. 

Waste  grounds  at  Detroit,  rare.     No.  -io-lT,  September  5,  1917. 

Found  also  by  Mr.  Chandler,  in,  if  I  remember  rightly,  Wash- 
tenaw County. 

Scutellaria  cordlfolia,  Muhl. 

Banks  of  streams  at  Rochester,  rare.    No.  4522,  July  13,  1917. 

Prunella  vulgaris,  Linn. 

Roadsides  at  Tecoma,  No.  4635,  September  23,  1917. 

Prunella  vulgaris,  var.  Pennsylvanica  (Bigel.)  Nutt. 

Frequent,  No.  4602,  September  16,  1917,  Bloomfield.  Vari- 
able, some  of  the  plants  bearing  median  stem  leaves  charac- 
teristic of  the  species,  the  width  often  being  75%  of  the 
length,  the  base  rounded,  the  others  being  characteristic  of 
this  variety.  No.  317,  August  12,  1885,  Keweenaw  County ; 
317a,  July  21,  1892,  Belle  Isle;  No.  3862,  July  14,  1912, 
and  3236,  October  27,  1912,  Parkedale. 

Prunella  vulgaris,  var.  lODOCALYX   (Fernald)  n.  comb. 

Prunella    vulgaris    var.    lanceulata    f.    iodocaly.v    Fernald, 
Rhodora  XV,  184,  1913. 

Bracts  green  or  more  or  less  purple  and  calyx  purple.  The 
commonest  form  in  southeastern  Michigan.  Nos.  4589  and 
4594,  September  15,  1917,  River  Rouge;  also  October  26, 
1917,  Rockwood. 

Prunella  vulgaris,  var.  C.\XDIL).\   (Fernald)   n,  comb. 
P.  vulgaris  var.  laneeolata  f.  Candida  Fern.  1.  c. 

Flowers  white,  otherwise  like  the  var.  Pennsylvanica.  No. 
4551,  September  8,  1917,  Royal  Oak;  No.  769,  July  25, 
1890,  Keweenaw  Co.;  No.  3150,  September  2,  1912,  Parke- 
dale. 

Dracoccphalum  Virginianuni,  Linn. 

Occurs  in  abundance  near  Monroe  Piers.  No.  4566,  Septem- 
ber 9,  1917;  Keweenaw  Co.,  No.  621,  July  26,  1888.  This 
is  the  Physostcgia  Virginiana  Benth.  The  Dracocephalum 
parviflorutn  now  becomes 
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Moldavica  parviflora    ( Xiitt. )    Britt.     Keweenaw   Co.     Rare. 

No.  1827,  Aug.  li>04. 
The  Lycopus  communis  of  the  "'Flora"  is  L.  nnillorns.  Mx. 
Very   common   in  moist   soils   along  the   borders   of    woods. 

streams  and  in  open  fields.    !»:U)^,  Orion.  August  T.\.  1S!»."); 

1296>4,  Belle  Isle.  August  12.  1892;  1832,  Keweenaw  Co., 

August  1904;  3041.  August  4.  1912,  and  3133.  September 

2.   1912.  Parkedale. 
Lxcopus  loiiflonis.  var.   m  km  1!k.\x.\ci;.\   (  Bickn. )   n.  comb. 

L.   iiu-mbraiiacca  Hickn.   I'.ritl..  Man.  S()4.    1!K)1. 
A  large-leaved  shade  form  of  L.  uniflorus.  but  with  thinner 

leaves  quite  different  from  the  next  variety,  which  has  very 

weak,   flexible   leaves   while   those   of   this   are   firm.     No. 

4T94.   October  2fi.   1917.   Rockwood.     Mr.   Cladcwitz   was 

the  first  to  find  this  variety  here. 
Lxcopus  iiiiitlonis.   var.    m  a(  Koni  vi.lus    (  Benth.  1    ii.  cdiub. 

L.  V'irginkus  var.  marrophylliis  ( lUh.  1  .\.  dr.  I'ruc.  .Vmor. 
Acad.   nil.  2S.-,.   l,s;(i. 

This  is  the  most  distinct  form  and  may  bo  it  should  more 
properly  be  regarded  as  a  distinct  species.  The  leaves  are 
large  and  weak,  very  thin,  like  tissue  paper.  Xo.  348, 
September  4,  188.3.  Keweenaw  Co. 

Lycopus  Virginiciis,  Linn. 

In  the  "Mack  Woods"  at  Detroit.  I'robahly  a  stray  waif. 
No.  2038,  .\ugust  IS,   hid;. 

S()I,.\.\.\CE.\E. 

Lyciuni  Ilaliiiiifdiiiiiii.  Mill. 

This  is  the  L.  viihjurc.  a  later  name.  Occasional  as  an  escape. 
874,  October  12,  1895,  Detroit ;  4202,  June  IT),  1916,  Bloom- 
field ;  4718,  October  11.  1917.  (Oxford. 

Lyciitm  Chincnsc,  Mill. 

Another  variety  of  the  Matrimony   \  inc  with  l)r(>a<Ur  ov.ite 

leaves.     An  escape;  Redford,  No.   llUi.  (  ktolur   II.   I91T. 

and   at   Oxford    No.    i:i7,   October    II,    I'MT;    .\o.    I13(i, 

October  21.  191."),  Detroit. 
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RINGENTACEAE. 

The  Ilysauthcs  dubia  of  the  "Flora"  should  be  /.  aiiagaUdca 
(Mx.)   Robinson.     No.  1284.  August.  1S92,  Belle  Isle. 

The  /.  attcnuata  is  the  genuine  /.  dubia  (Linn.)  Barnhart. 
The  plant  as  found  at  Detroit  agrees  with  this  in  all  except 
the  fruit,  which  is  that  of  the  preceding;  i.e.,  the  capsule  is 
longer  than  the  calyx.  No.  4645,  September  25,  1917,  1622, 
September  20,  1898 ;  No.  4348,  August  10,  1916,  Zoo  Park, 
Royal  Oak. 

Vcronicastrum    Jlrgiiiiciim,  var.    PURPUREUM    (Raf.)    n. 
comb. 

Lcptranda  Virginica  var.  purpurea  Ph.  in  Eaton  &  Wr.  N. 
Amer.  Bot.  Ed.  8,  297,  1840. 

Corollas  and  stamens  purple ;  leaves  in  threes.  Discovered 
by  IMr.  Chandler  at  Ypsilanti.  No.  4670,  September  30, 
1917. 

Gerardi.\  Authors  not  of  Lin. 

The  Linnaean  genus  GERARDL\  was  adopted  from  Plumier 
and  has  been  shown  by  Bentham,  Pennell,  and  others  to  be 
a  genus  of  the  Acanthaceae.  The  genus  Gerardia  of 
American  authors  has  been  divided  by  Dr.  Pennell  into 
three  genera,  Aureolaria,  Raf.  {Dasystoma  /Authors), 
Temanthera,  Raf.  {Otophylla  Bentham),  and  Agalinis, 
Raf.  Dr.  Pennell  has  also  shown  that  the  large  yellow 
flowered  plants  that  recently  have  been  passing  as  species 
of  Dasystoma  are  not  of  the  genus  of  that  name  founded 
by  Rafinesque,  the  original  spelling  of  which  is  Dasistoma. 
The  characters  most  relied  upon,  awned  or  awnless  anthers, 
to  separate  these  genera,  apparently  fall  down,  and  they 
should  be  considered  as  congeneric.  Aureolaria,  the  name 
having  priority  of  position,  should  be  the  one  to  be  adopted 
for  these  species. 

The  species   found  in  Michigan  are  as   follows : 

AUREOLARL\,  Raf.  New  Fl.  //,  58,  183G. 

Subgenus  Euaureolaria  (Aureolaria,  Raf.  1.  c.  in  strict  sense). 
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A.  VIRGIXICA  (Lin.)  n.  comb. 

Rhinanthus  Virginicus  Lin..  Sp.  PI.  (iO;].  ITo^. 

A.  villosa  Raf.  1.  c.  59. 

DasystoHia  Haz'a  Wood.  Class  Book,  529,  1861. 

Dry  hillsides  in  open  woods,  Bloomfield,  No.  4613,  September 
16,  191T;  1539.  July  1.  1S96,  and  3725,  July  I'.i.  I!n4. 
Rochester;  3510.  July  20.  1913.  Parkedale. 

A.   FLA\'A    ( Lin. )    n.   comb. 

Gcrardia  flava  Lin..  1.  c.  as  to  description  and  herb. 
A.  (jlanca  (Eddy)  Raf.  1.  c.  (iO. 

All  leaves  dentate  to  pinnatifid,  the  lowermost  2-pinnatifid, 
whole  plant  more  or  less  glaucous.  Bloomfield,  Xo.  4611. 
September  6,  1917. 

A.  tlava.  var.   IXTEGRIFOLl.V   (  Bcnth. )   n.  comb. 

Dasystoma  qucrcifoVui  var.  intcgrifolia  Bcnth.,  DC.  Prodr. 
X,  520,  1946. 

This  has  been  referred  to  .\.  laevigata.  Raf..  Imt  that  is  said 
to  be  not  at  all  glaucous  while  this  most  assuredly  is ;  the 
lowermost  leaves  are  pinnatifid  and  the  upper  ones  and 
those  on  the  branches  are  entire.  Blnomlicld,  Xo.  4612, 
September  16,  1917. 

Sect.   PEDICULARIOIDES    (Benth.)    (tiERARDlA   Sect. 
PEDICULARIOIDES  Benth.  Comp.  Bot.  Mag.  1,  204-5.  1835). 

./.  Pcdiciilaria  (Linn.)  Rat.  1.  c.  61. 

The  glandular  form  becomes 

A.  Pcdiitilaiiu.  var.  .\.\IBI(;i-".XS  (F^""":'''' '■  "■  comb. 

Gcrardia  FcdicuUtna   var.  ainbigcns   I'eniald,   Khodora   X. 
86,  190K. 

Goodison,  October  7,  1917,  Xd.  lt;.s:  ;  ICld.  September  16, 
1917,  Bloomfield;  2110,  .\ugust  15,  1909,  Rochester;  2110a, 
July  7,  1916,  Dead  Lake;  2110b.  August  27,  1910.  Detroit. 

SUBGENUS  ()l(ii)hylla  (I'.cnih.)   (Gl-RARDIA  ScciOi'O- 
I'HYLLA  Benth.  1.  c.  t. 

./.  aiiricnlata   (Mx.)   n.  comb. 

Gcrardia  aiiricnlata  Mx.  I'l.  Hor.  .\m.  11,  2(i,   1:m)3. 
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SUBGENUS  Agalinis  (Raf.)   (Agalinis  Raf.  1.  c.  Gl). 

A.  ASPERA    (Dougl. )   n.  comb. 

Gerardia  aspera  Dougl.  in  DC.  Prodr.  X,  517,  1846. 

A.  PURPUREA  (Lin.i  n.  comb. 

Gerardia  purpurea  Lin.  1.  c. 
A.  INTERMEDI.-V   (Porter)  n.  comb. 

Gerardia  intermedia  Porter  in  A.  Gr.  Syn.  //  293,  1878. 

A.  Gray,  1.  c.  has  forestalled  the  use  of  any  other  specific 
name  for  this  plant  by  remarking  that  the  name  intermedia 
is  to  be  adopted  if  the  plant  is  to  be  considered  of  specific 
rank.  It  here  includes  plants  that  are  common  in  Michi- 
gan and  that  have  flowers  from  10  to  12  lines  long,  just 
intermediate  between  the  normal  size  for  this  species  and 
those  of  the  preceding. 

A.  TEXUIEOLIA  (Vahl)  n.  comb. 

Gerardia  tcnuifolia  Vahl,  Symb.  Bot.  Ill,  79,  1794. 
A.  tenuifolia.  van  ALBIFLORA   (Britt.)  n.  comb. 
Flowers  white. 
A.  tenuifolia.  var.  MACROPHYLLA  (Benth.)  n.  comb. 

Gerardia  tenuifolia.  var.  inacropliylla  Benth.  1.  c.  209. 
A.  SKINNERIANA   (Wood)   n.  comb. 

Gerardia  Skinneriana  Wood,  Class  Book  408,  1847. 

CAPRIFOLIACEAE. 

ribiiruiini  Lentago.     Linn. 

In  this  and  the  next  species  the  leaves  are  very  variable  as  to 
shape  and  in  width  and  glandulosity  of  the  petioles ;  leaves 
narrowly  oblong-lanceolate,  narrowly  elliptic,  ovate,  oval, 
or  suborbicular ;  petioles  from  broadly  winged  and  copiously 
glandular  to  wingless  and  glandless.  Typical  leaf  of  this 
species  is  ovate,  acuminate ;  of  the  next,  subrotund,  crenate- 
serrate.  Trees  may  be  found  with  all  the  leaves  of  one 
shape  only,  and  again  leaves  of  all  shapes  may  be  found 
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upon  the  same  tree.  Possibly  the  variable  foliage  may  be 
due  to  crossing.  Leaves  reddish  or  silvery  scurfy,  or  green ; 
branchlets  and  winter  buds  glabrous  or  reddish  scurfy. 
Fruit  oval  or  oblong,  blue  becoming  black.     4T4S,  October 

14,  lOlT,  Redford;   15S."),  September  7,   1S!IT.  Hirniinghani. 

Vibitriiiiiii  Lciitatjo  var.  sphacrocarpinn.  A.  Gr. 

Fruit  spherical,  smaller  and  retaining  its  bloom  longer.  Belle 
Isle,  1585a,  September  1.').  ISOr;  Palmer  Park.  1575b, 
September  24,  18!):  :  Palmer  Heights.  :i9553/,  ^lay  31, 
1915;  4U»0,  June  15.   i:nii.  Rloomfield. 

Viburnum  Pninifoliiiiii.  Linn. 

Leaves  smaller,  less  acuminate,  not  so  inclined  to  be  orbicular, 
petioles  slender,  generally  glandless,  winter  buds  shorter, 
not  so  acuminate,  fruit  oval  or  oblong.  No.  4599i/,  Sep- 
tember 16,  19ir,  Bloomfield;  i:5(;;?,  Jtme  8,  189;?,  Detroit; 
1.3()3a,  September  9,  1897,  Hirmingham ;  1.']()3b,  September 

15,  1897,  Belle  Isle. 

Viburnum  Prunifuliuni  var.  globosum,  .\ash. 

Fruit  smaller,  globose.  No.  4G0()i4,  Se])leml)cr  It;,  1917, 
Bloomtleld.  1  have  not  seen  any  material  from  Michigan 
that  will  in  the  least  correspond  in  its  foliage  to  that  of  the 
eastern  plant.  Our  ])lants  arc  either  a  new  si)ecies  or  new 
races  of  V.  l.antaijo. 

Symphoricarpus  Symphociarpus    (l.inn.  )    .Mac.M. 

Near  Redford.  No.  4770,  October  ■.'<),  I'.n:  ;  ::',:;.  July  :.  ls:i(), 
Keweenaw  County;  7.'i;ia,  Se])temlier   IS,   l!)():i,  (iinssc  Isle. 

C.\MP.\NUL.\CF.\l!:. 

Campanula  Amcricami.  Linn. 

Leaves  oblong-lanceolate  or  tongue-shaijcd  gradually  tapering 
to  each  end.  Rich  woods.  Rochester,  No.  4579,  Septem- 
ber 12,  1917;  1402,  July  21.  I8!):i,  Belle  Isle;  1402a,  Sep- 
tenil)er  9,  IS9L  I'lirniingham ;  al>o  Redford,  October  14, 
1917. 

Campanula    .Imrricana    var.     1 1 ,1 . 1  .\i  tl'lXSl  S     (  h'resen.  )     n. 
comb. 
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C.  Illiiiociisis  Fresen,  D.C.  Prodr.  VII,  -ITS,  1838. 

Leaves  shorter  and  broader,  ovate  or  ovate-lanceolate, 
abruptly  contracted  into  a  winged  petiole.  Rich  woods, 
rare.     Rochester,  -ioSO.  September  12,  1917. 

COMPOSITACEAE. 

Eiipatorium   trifoUatnin.     Linn. 

Lower  leaves  about  .'5  inches  long,  ovate  of  lance-ovate,  acute, 
rounded  at  base,  abruptly  narrowed  into  the  petiole ;  all 
the  leaves  firm,  in  verticills  of  three,  rugose,  pubescent  and 
densely  glandular  below,  scabrous  above.  Upper  part  of 
stem  and  branches  of  corymb  purplish,  rough  pubescent  and 
glandular.  Corymb  depressed.  No.  4636,  September  23, 
1917,  Tecoma ;  No.  778a,  August  1,  1890,  Keweenaw 
County;  No.  4013^,  August  26,  1915.  Parkedale. 

The  only  diagnostic  character  of  Linnaeus  is  ''foliis  ternis." 

This  is  the  only  form  of  the  E.  purpureuin  group  in  this  sec- 
tion that  I  have  found  with  leaves  in  threes. 

Eupatorium    trifoliatuiii,    var.    MACIjL.\TU]\J     (Linn.)    n. 
comb. 
E.  niaculatuin  Linn.  Amoen.  Acad.  IV.  288,  1755. 

Similar  but  leaves  in  whorls  of  4-6.  Keweenaw  County,  No. 
777,  July  25,  1990;  Rochester,  No.  777a,  July  4,  1796; 
Parkedale,  No.  3140,  September  2,  1912. 

Eupatorium  trifoliatum.  var.  .AMOENUM   (Ph.)  ii.  comb. 
E.  purpureiiui.   var.   amoenum    (Ph.)    A.  Gr.   Syn.   Fl.   N. 
Amer.  I,  pt.  2,  96,  1884. 

Similar  but  leaves  mostly  opposite.  Tecoma,  No.  4628,  Sep- 
tember 23,   1917. 

Eupatorium  trifoliatum.  var.  FOLIO.SUM   (Fern.)  n.  comb. 
E.  trifoliatum  var.  foUosum  Fern.  Rhodora,  X,  86,  1910. 

Similar  but  the  uppermost  leaves  overtopping  the  corymb. 
Tecoma.  No.  4629,  .September  33,  1917. 
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Eitpatoriiini   trifoliatiiiii.  var.   HRL'XI-.RI    (A.  Gr. )   ii.  cumh. 
Eiipaloriiiin    purpurein    var.    Bruncr'i    (A.    Gr. )    Robinson, 
Froc.  Am.  Acad.  .\rts  and  .Sci.  XLII.  44,  liiiXl. 

.Similar  to  the  var.  foliosiiiii  but  leaves  less  rugose,  thinner, 
and  the  upper  parts  of  the  i)lant  less  rough  and  glandular. 
Intermediate  between  that  and  the  next.  Oxford  No.  4T(jG, 
October  IG,  li)17  (leaves  relatively  broad,  coarsely  few- 
toothed).  Xo.  4765,  October  IC,  ]9i;,  Oxford,  and  No. 
4627,  September  23,  ]!)!■;,  Tecoma,  have  the  leaves  rela- 
tively narrow,  the  serraturcs  smaller  and  verv  numerous. 

JiiipiiloriiDii  purpnrcHin,  Linn. 

The  leaves  in  this  species  are  very  thin  and  Hexihle.  larger, 
ovate-lanceolate  elongated.  ('.>-!  2  inches  long  .ind  2 '  ..- 
4  wide),  branches  of  the  inflorescence  cancsccntly 
pubescent,  not  glandular.  Keweenaw  Counlv.  Xo.  ""S, 
July  25.  i:!)();  Rochester,   ;;sh.  July  -1,   IsiiC;  Detroit,  July 

22,  ison. 

Eupatoriuin  purpurciiui  var.  angustifoliinu,  Torr.  \-  ( ir. 
Leaves  very  narrow.      Keweenaw   County,    Xo.    III.    August 

(i,  ISSC;  Rochester,  No.  441a,  July  4,   ISIHI;   Detroit,    I4lb. 

August  24,   UK)  I. 

Artemisia  Pontica,  Liim. 

Near  Marl   Lake  as  ;in   escape   from  cultivation.      The   |il;int 

was  not  in  flower  but  ]irol).ibly  is  of  this  species.     .\o.   I.M  1. 

August  ."),    llli:. 

.iileinisia  Ahrotanuin.  I. inn. 

An  escape  from  culii\ation.  .\o.  I"'.i';,  RocUwood,  October 
2(5.  1!»K,  Gladewilz  \  h'arwell.  No.  S2:i,  .\ugust  3()th, 
iMitO,   Keween;iw  Co.;   Xo.  :!.").".."),  (  Utober    I."p.    IIM:!.    Detroit. 

.  Irteiuisiii  (iiiaphalodcs.  Xult. 

In  (h\  grounds,  not  common.  .No.  I'lKl.  Jul\  21,  I'.'G, 
Detroit;  .Xo.  427,  July  2(i,   INSC,  Keweenaw  Go. 

Artemisia  frigida,  W'illd. 

I'.anks  near  Dearborn.  I'robably  an  intrMduetion  by  way  of 
the  railroads.     Detected,  1  believe,  by   .Mr.  Gladewitz.     No. 

4:)2:,  luiv  II,  I'.ti;. 
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Ccntaurea    inacidosa.   Lam. 

Dry  hillsides  near  Rochester.  Gladewitz  &  Farwell.  No. 
457;,  September  12,  1917. 

Hyf>ochacris  radicata,  Linn. 

Found  at  Bloomficld  by  Mr.  Rillington  in  1916. 

Sonchiis  an'cnsis.  Linn.,  var.  EGLANDULOSIS.  n.  var. 

Similar  to  the  species  but  destitute  of  glands  on  the  involucre, 
pedicles,  etc.  Zoo  Park,  Royal  Oak,  No.  4559}4,  Septem- 
ber 8,  1917. 

Prciiaiithcs  alba,  Lin. 

Leaves  oblong  or  lanceolate,  hastate,  angulate,  lower  3-lobed, 
base  subcordate,  truncate,  rounded,  or  the  uppermost  taper- 
ing into  the  petiole.    Xo.  4(i80,  Goodison,  October  7,  1917. 

Prcinuithcs  alba.  var.   PINNATIFin.A,  n.  var. 

Leaves  pinnately  divided  into  3  to  7  lobes,  lobes  acute  and 
acutely  toothed,  or  entire  on  the  uppermost  leaves  which 
gradually  pass  into  the  oblanceolate,  entire  floral  leaves. 
Rochester  No.  4671,  October  7.  1917.  Leaves  small,  the 
largest  about  3Vj  inches  and  almost  jMnnate. 

Prcnanthcs  alba,  var.  TRILOBATA,  n.  \ar. 

Leaves  generally  larger,  often  broader  than  long,  and  deeply 
3-lobed,  the  lobes  broadly  lanceolate  or  oblanceolate  and 
more  or  less  toothed,  the  lateral  ones  ascending,  the  sinuses 
broadly  obtuse,  the  upper  leaves  passing  gradually  into  the 
entire,  narrowly  oblong  or  oblanceolate  floral  leaves ;  the 
lowermost  leaves  often  have  the  divisions  slightly  2-  or 
3-lobed.  Goodison,  No.  4679,  October  7,  1917.  No.  4732, 
Oxford,  October  11,  1917.     Orion,  4704.  October  11,  1917. 

Prenanthcs  alba.  var.  OVAIW,  n.  var. 

Median  cauline  leaves  mostly  deltoid-ovate  and  entire  or 
nearly  so.     Goodison,  No.  4678,  October  7,  1917. 

Prcnanthcs  alba,  var.  QUERCIFOLL\,  n.  var. 

Median  cauline  leaves  oblong  or  lanceolate  and  coarsely  3-7 

toothed.     Goodison,  No.  iGSOyi.  October  7,  1917.     Orion, 

4(i41,  September  23,  1917. 
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Frcnantlics  altissiina.  Linn. 

The  typical  form  has  hastately  3-lobed  leaves,  the  lowermost 
sometimes  pedately  5-parted.  Rare  Tecoma.  No.  41)40, 
September  23,  1917;  Bloomfield,  No.  4(in,  Seincnilur  l(i, 
li)ir;  Orion.  No.  918.  August  29.  ISOr^ 

Prcnanthcs  altissiina.   var.   CORI)AT.\    (\\illd.  )    n.  comb. 

Nabaliis  altissiiiiiis  var.  c-ordatits  (Willd.)  T.  &  G.  Fl.  Nor. 
Anier.   II.  4S1.    isi:i. 

Leaves  mostly  cordatt-.  C'oninion.  Orion,  Xo.  470.'").  October 
11.  liMT:  Oxford.  i;-J:;.  October  11,  1!M:;  I'.loonificld.  No. 
4(;if;,  .Sei)lfmbcr   H;.   IMi:  ;  Orion,  '.Msb,  .Vii^ust  '.'9.  lS9r). 

Prciniiitlics  altissiina.  ynv.  DKLTOli  )!•",  A   (  b'.li.  t  n.  comb. 
P.  dcltoidca  V.W.  Sk.  II,  ■,'.-.:.  is-.M-l. 

Leaves  mostly  deltoid.  C'ommon.  Tecoma.  No.  4()l)7,  Sep- 
tember 23,  1917:  Orion.  No.  4;0().  October  11,  1917; 
Oxford,  4728.  October   11.   i:)ll  ;  Orion,  918a,  August  29, 

1S9.5. 

Prcnanthcs  altissiina.  var.  0\'.\T.\   (  T.  (S:  (1.)  n.  comb. 
Nabalns  altissiinits  var.  oz'atits  ']".  iJv:  O.  I.  c. 

Leaves  mostly  ovate.  l-Vequent.  Oxford.  K2'.'.  (iciubcr  11. 
1917;  Rochester.  3.Vil,  October  ."i.  1913;  Detroit.  iMSc.  Sep- 
tember 30.   IS!):. 

Hicracium  vcnosuiu,  Linn. 

Frequent  in  dry  o])en  woods.  Rochester,  .\'o.  I."i3l,  July  4. 
ISDC;  Tecom.-i.    12(1 1 'j.  July  2,    11)  IC. 

Hicracium  vcnosuiu.  var.   .XT!  )U  .\l  I  .I',   (.Mx.  i.  n.  comb. 
//.  Gronovii  Linn.,  S]).  I'l.  .mi2.   l*."i:i. 

//.  Gronovii  var.  nntlicaulc  Mx.   hi    Hor.    \in.  II.  S7.   lsi):i. 
H.  venosuin   var.  siil>caiilcscciis    1     \   t  i.    II     .\.   .Vnui.    II, 

478,  1843. 
With  1-3  leaves  on  the  lower  p.iri  ot'  the  sliiii. 

Tecoma.  No.  42(i4,  July  2,  IHUi ;  Kochcsier,  No.  {y,:!.  Sep- 
tember 12,  19IL 
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This    is    the    plant    that    was    described    by    Linnaeus    as    H. 

Gronovii. 
The  plant  that  has  been  passing  as  such  must  take  anothei 
name.     In  so  far  as  I  am  able  to  ascertain  the  oldest  avail- 
able specific  name  is  subnudnm. 

Hicracitim  siibiiitdiini    (  Monn. )    Froel. 

Stcnothcca  submtda  Monn.,  Ess.  Hier.  Hier.  12,  t.  2,  f.  2, 
1829. 

H.  Gronovii  var.  subniidiiin  (Monn.)  T.  &  G.  1.  c,  477. 
Pannicle  narrow,  of  few  heads,  leaves  few,  mostly  below  the 

middle  of  the  stem.     Teconia,  42^]/^,  July  2,  1!)1G. 

H.  siibniiduDi.  var.  FOLIOSUM    ( Mx. )   n.  comb. 
H.  Gronovii  Monnier,  1.  c,  30.  not  of  Linn. 

H.  Gronovii,  var.  foliusiiiii  (Mx.),  1.  c. 

The  commoner,  more  robust  and  leaf>-  form  of  the  species. 
Detroit,  No.  18(32'^,  August  24.  1904. 

Hieracium  subnudnm.  var.   HIR.SUTISSIMUM    (T.  &  G.) 
n.  comb. 
H.  Gronovii  var.  hirsutissiinuin  T.  it  (i..  1.  c. 

Similar  to  the  last  but  very  shaggy  hirsute.  This  form  of  the 
species  I  have  not  seen  in  Alichigan.  but  it  may  be  expected 
to  occur  here  as  well  as  the  other  forms. 

Hieracium  paniciilatum,  Linn. 

Found  at  Bloomfield  by  Mr.  Gladewitz.  No.  4614,  September 
16,  1917. 

Hieracium  scabrum,  Mx. 

Common  in  dry  fields,  etc.  Tecoma,  No.  4631,  September 
23.  I'.il7  :  Royal  Oak,  Nos.  4.558  and  4557>4.  September  8, 
1917:  Algonac,  No.  4100b,  September  12,  1915;  Oxford, 
4770,  October  11,  1917;  Detroit.  No.  449b.  August  8,  1993, 
and  4410,  August  27,  1916. 

Hieracium  scabrum.  var.  tonsum,  Fernald. 

A  smaller  form  with  shorter  pubescence  or  nearly  glabrous. 

Keweenaw  County,  Nos.  449,  449a,  430,  451,  August  20. 

1886. 
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Hieracium  Lacliciialii.  C.  C.  Gmel. 

This  is  the  oldest  available  name  for  the  polymorphous  specie? 
that  is  passing  current  as  H.  vulgatinn  Fries;  the  latter 
name  was  applied  to  a  form  with  relatively  narrow  leaves 
while  the  former  represents  a  plant  with  relatively  broad 
leaves.  In  the  Alichigan  plant  the  root  leaves  are  usually 
oblong,  obtuse  and  apiculate.  narrowed  at  the  base,  and 
pass  gradually  into  the  broadly  ovate,  acute,  median  stem 
leaves,  which  are  on  short  winged  petioles  and  about  2J/2 
inches  long  by  2  wide  remotely  and  coarsely  few  dentate. 
Found  at  Bloomfield  by  Mr.  Billington.  No.  4615,  Septem- 
ber IG,  19ir. 

Hieracium  Canadcnse,  Mx. 

In  dry  fields,  common.  Keweenaw  County.  No.  -^'i'l,  July  18, 
1886;  Rochester,  4654,  September  •,':,  I'.m:, 

Hieracium  Canadcnse.  Mx.  var.  M.VCROl'llVLLUM   (.i'li) 
n.  conil). 
//.  macrophyllum  Ph.  1-1.  II.  II.  504,  1914. 

A  more  slender,  greener,  and  mure  glabrate  form  with  larger, 
thinner,  and  broader  leaves,  more  remotely  denticulate,  the 
lowermost  often  narrowed  at  base  and  becoming  obovate 
and  obtuse.     Kochcstcr,  Xo.  4655,  September  2T,  1917. 
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THE  YELLOW  FLOWERED  CYPRIPEDIUMS. 

By  Oliver  Atkins  Farwell. 

(Department  of  Botany,  Parke,   Davis  &  Co..   Detroit,   Michigan.) 

ORCHIDACEAE. 

Cypripedium  bulboscm,  Miller.  Gard.  Diet.,  No.  2,  1768. 

Cypripedium  parviflonim  Salisb.  Trans.  Lin.  Soc.  I,  TT,  t.  2,  f. 

2  (male)  1791. 
Cypripedium  flavcsccns  DC.  in  Redoute,  Lib.  I,  plate  20,  1802. 

In  Michigan  there  are  three  distinct  forms  of  the  Yellow  Ladies' 
Slipper:  1,  with  a  small  flower  (sac  ^-l  inch,  petals  1^ 
-2J4  inches,  acute)  ;  2,  with  a  similar  flower  but  with  sac 
1/^-2  inches  long;  3,  and  a  third,  intermediate  as  to  length 
of  sac.  In  the  first  two  the  sacs  are  moccasin-shaped — that 
is,  the  compression  is  vertical,  making  the  sac  wider  than 
deep ;  in  the  third  form,  the  sac  is  bulbous,  or  nearly  so, 
being  slightly  compressed  laterally  so  that  the  sac  is  deeper 
than  wide,  and  convex  both  above  and  below,  which  is  not 
the  case  in  the  others.  In  the  first,  the  staminode  is  linear 
and  obtuse;  in  the  2,  oblong  and  obtuse;  in  the  3,  deltoid 
and  acute.  According  to  Dr.  Rydberg  (Torreya  //,  84-7, 
1902)  the  second  is  well  illustrated  by  Willd.  in  the  Hortus 
Berolinensis  I,  pi.  1.3.  As  to  general  outline,  therefore,  but 
not  as  to  size,  this  could  pass  also  for  the  1st  form.  The 
third  is  well  represented  by  plate  911,  vol.  23,  of  the 
Botanical  Magazine  and  cannot  be  considered  to  be  the  same 
species.  A  careful  analysis  of  the  enumerated  differences 
above  outlined  and  a  comparison  of  the  same  with  the 
description  and  plate  of  Salisbury  shows  that  the  plant  he 
described  had  the  deltoid  stajuinode  characteristic  of  the 
third  form,  but  the  small,  flat  sac  characteristic  of  the  first. 
I  have  not  seen  any  Yellow  Ladies'  Slipper  answering  to 
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such  a  combination  and  am  forced  to  conclude  that  the  draw- 
ing was  made  from  a  dried  specimen  of  the  third  form  in 
which  the  characteristic  shape  of  the  sac  was  not  evident 
and  so  a  conventional  drawing,  resembhng  but  smaller  than 
that  of  C.  Calccolus,  was  made  on  the  supposition  that  the 
sac  of  each  was  of  a  similar  shape.  This  interpretation  is 
confirmed  by  the  statement  of  Dr.  Rydberg  that  all  the  small- 
flowered  forms  from  the  eastern  sections  that  he  has  seen 
answer  to  what  is  my  third  form ;  and  by  Salisbury,  that  his 
plant  had  been  collected  in  Virginia  by  H.  Marshall.  In  any 
event  the  deltoid,  acute  staminode  described  and  figured  by 
Salisbury  places  beyond  doubt  the  identity  of  the  form  he 
had  in  hand.  It  is  what  I  have  outlined  as  the  third  form. 
In  so  far  as  my  observations  go,  there  is  no  variation — that 
is,  the  occurrence  of  intermediate  forms — from  the  types 
above  described.  In  the  first  two,  particularly  in  the  first. 
there  is  a  pronouncedly  sweet  odor,  but  the  third  form  is 
])ractically  odorless ;  in  the  latter,  the  lateral  petals  are  longer 
in  proportion  to  the  length  of  the  sac  than  they  are  in  the 
first  two,  more  twisted,  and  not  of  such  a  deep  purple  color, 
riif  lirst  specific  name  applied  to  the  American  Yellow 
Ladies'  Slipper  is  the  Cypripediitm  biilbosnin  of  Phillip 
Miller.  There  is  an  earlier  C.  bi(lhosiiiii  of  Linnaeus,  but  as 
this  has  been  removed  not  onl\  from  the  genus  hut  also 
from  the  subfamily,  it  can  not  in  any  way  interfere  with 
the  use  of  Miller's  name.  Miller,  in  comparing  his  species 
with  the  European  C.  CalceoUts,  says  the  sac  of  the  Ameri- 
can plant  is  oblong  and  narrower — remarks  that  can  apply 
only  to  the  sac  of  the  third  form,  w-hich  also  is  the  only  one 
that  would  suggest  the  name  bitlbosiim;  his  description  of 
the  lateral  petals  also  agrees  more  with  those  of  this  species. 
C.  parvifloruiH  Salislx  and  C.  flat'cscciis  DC.  ai)pear  to  be 
identical  with  C.  bulbosum,  Miller.  No.  2615,  May  ;?0,  l!n2, 
Tarkedale;  No.  4171,  June  G,.  191(i.  and  No.  4494,  June  10, 
l!nr,  at  Ulica;  Xo.  416b,  June  IC,  lilOO,  Detroit. 

CyPRIPKUIUM    PUBKSCKNS,    Willd,    Sp.     I'l.    //'.     1  l.l,     ISII.'i.    and 

Ilort.  Berol.  I,  Plate  13. 
Xo.  416,  July   IH,   l.SCS.  Keweenaw  Co.;   X.i.    I  Ida.    .May  v;  1 . 
18!)2,  V|)si!;mii:  Xo.  .-fCfis.   June   11.    lull.   Kuohcstcr, 
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Cypripedium  pubescens,  Willd.,  var.  MAKASIN,  n.  var. 

The  discussion  above  recorded  slnows  that  the  first  form,  in  so 
far  as  I  am  able  to  ascertain,  is  without  a  name,  and  I 
propose  for  it  the  varietal  name  MAKASIN,  the  Algonquin 
name  of  these  flowers ;  and  for  those  who  recognize  species 
only,  the  binominal,  Cypripedium  Makasin.  The  charac- 
ters to  be  found  in  the  staminodes  appear  to  be  constant 
and  of  good  diagnostic  value — linear  and  obtuse  in  this 
variety,  oblong  and  obtuse  in  the  specific  type,  and  deltoid 
and  acute  in  C.  bulbosuin.  No.  418,  July  18,  1886,  Kewee- 
naw Co.;  No.  418a,  May  30,  1895,  Orion;  No.  418b,  June 
1,  1910,  Rochester;  No.  3402,  May  24,  1913,  Parkedale; 
No.  41T3,  June  6,  1916,  and  Xo.  4495,  June  10,  1917,  Utica. 
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THE  TRILLIUM  GRANDIFLORUM  GROUP. 

F.-\K.\UNGTON  Township,  O.aklaxd  County,  Michigan. 

Bv  Oliver  Atkins  Farwell. 

(Department  of  Botany.   Parke.   Davis  &  Co.,  Detroit,  Michigan.) 

In  a  certain  part  of  Farmington  Township  there  is  a  wide 
stretch  of  woodland  used  chiefly  as  pasturage  for  cattle.  It 
covers  several  acres  of  ground  and  is  very  broken  or  hilly ;  a 
small  stream  winds  its  devious  way  in  and  out  among  the  hills ; 
it  is  of  course  private  ground  and  the  trespasser  is  fully  warned 
not  to  intrude  under  full  penalty  of  the  law.  Admission  to  the 
grounds,  however,  has  not  been  denied  when  it  has  been  cour- 
teously asked  for.  The  woods  are  composed  of  oak,  beech, 
ironwood  and  other  deciduous  trees  and  shrubs ;  in  one  section 
where  the  trees  are  scattered  more  than  in  other  parts  of  the 
forest,  Trilliums  of  the  grandiftorum  group  grow  in  abundance. 
The  flowers  vary  in  color  from  pure  white  through  all  shades  of 
variegation  to  wholly  green;  rose  or  pink  flowers  were  conspicu- 
ous bv  their  absence ;  the  peduncles  are  ascending  or  erect.  To 
the  late  Mr.  Chandler,  who  died  on  January  17,  1918,  belongs  the 
honor  of  discovering  this  most  interesting  field  of  Trilliums.  All 
these  variable  forms  have  been  referred  by  authors  to  T.  grandi- 
ftonim,  as  a  rule.  Rafinesque,  however,  published  the  form  with 
shortly  petioled  leaves  as  T.  lirioides  and  E.  F.  Smith  made  the 
long  petioled  form  with  variegated  flowers  a  variety  (varie- 
gatiim)  of  T.  grandiflormn.  There  is  another  form  without  leaves 
but  with  foliaceous  sepals  which  may  be  an  ofTshoot  from  that 
form,  the  leaves  of  which  are  long  petioled ;  I  base  this  opinion 
upon  the  fact  that  one  plant  of  the  latter  had  but  two  leaves  with 
a  very  small  bract  in  the  place  where  the  third  leaf  should  have 
been ;  also  that  some  of  the  leafless  plants  have,  very  low  down 
on  the  stem,  a  whorl  of  three  knobs  indicating  where  the  leaves 
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should  have  been  ;  the  knobs  wliich  I  have  seen  have  been  not  over 
}4,  inch  in  length  and  often  the\  are  merely  a  noticeable  swelling. 
This  form  I  shall  name  T.  Chandlcri,  after  the  discoverer. 
Petals  vary  from  ovate  to  oblanceolate,  sessile  or  clawed,  white, 
variegated,  or  green,  large  or  small ;  flowers  are  usually  3  merous 
but  maj'  be  4  merous,  and  vary  from  single  to  double.  The 
ovaries  of  the  variegated  and  of  the  green  flowers  are  usually 
green  cylindrical  or  bottle  shaped,  have  an  evident  style  sometimes 
quite  long  and  3  stigmas.  Whether  or  not  they  develop  into  fruit 
with  viable  seed  I  am  unable  to  say,  as  I  have  not  examined  the 
ovules  nor  have  I  been  in  the  field  to  look  for  fruit.  The  rhizomes 
vary  from  erect  through  all  intermediate  angles  to  complete 
inversion.  L  have  ob.served  inverted  Trillium  rhizomes  in  other 
fields  as  well  ;  rhizomes  often  bear  two  stems,  at  least  one  of 
which,  but  mori'  frequent]}  both,  bears  a  tlowcr :  where  each 
stem  bears  a  flower,  they  may  be  alike  in  every  respect  or  one 
stem  may  bear  a  flower  that  is  very  different  from  that  borne  by 
the  other.  It  is  customary  to  consider  all  these  forms  as  belong- 
ing to  T.  grandiflorum;  but  as  they  fall  into  one  or  another  of 
three  general  groups  I  will  consider  each  grou]>  as  a  s])ecies, 
distinguishing  them  as  follows:  T.  tiraiidilloniin  with  leaves 
sessile  or  with  a  short  and  broad,  constricted  base.  T.  Ilrioidcs 
with  leaves  on  slender  distinct  petioles  oftentimes  several  inches 
in  length.  7".  Clmiidlt-rl.  .V.  Sf>..  stem  without  leaves,  sepal 
foliaceous.     Collections   were   made   Mav    10,    101". 


KEY  TO  THE   SPECIES   AND  V.\Rn;TIES  OF  THE    'Intliuin    iiraiulifltinini   <iHOir. 

iistrictod  Ii;isc. 


Leaves  sessile,  or  with  a.  •>liort  and  Iho.kI. 
l-'Iowers  white. 
Petals  ohov.'ite  or  oMaiu-ccilatc  I'j  ti 

2}^  inches. 
Petals  smaller,  plant  Iciucr. 

[•'lowers  green,  petals  white  Imrdereil 
above  the  middle. 

Petals  orbicular,  large. 

Petals  spafulate.  large. 
I-'Iowcrs  green  throughout. 

Petals  obovale,  large. 

Petals  small,  ovate  to  oblanceDlalo. 


/ .  iirmidijloruiii. 
v.  iiniiiHiJliintin,  var. 
iilxnuluiii. 


T.  (inindiflorum.  i.  nrhiciilarr. 
T.  yrandifioru))}.  i.  sl'iilulaliif}!. 

T.  firandifliiiuiii.  i  -iridc. 
'I',  iirandiflorum,  var. 
ohoz'niuiii,  f.  virc.tCi-nx. 


Leaves  slenderly  petiolcil. 
Petioles  short,  under  ly..  inclios.  stem.s  long. 
Petals  white,  small.  T.  lirioides. 

Petals  variegated,  small  to  medium.         T.  lirioides,  f.  alhomarghiatum. 
Petals  green  white  hordered  above, 

large.  /"•  lirioides,  f.  gii/aiitcHiii. 

Petals  green,  clawed.  7'.  lirioides,  f.  unyulatnm. 

Petioles  elongated,  over  IJ^  inches, 
stems  short. 

Petals  white,  small T.  lirioides,  var.  longepetiolatum 

Petals  variegated  T.  lirioides,  var.  longepetiolatum, 

f.  variegatum. 
Petals  green,  w  liitc  hordered  at  the  apex.  T.  lirioides,  var.  longepetiola- 
tum, f.  vegclum. 

Stems  leafless. 
Mowers  white,  small.  T.  Chandleri. 

Flowers  medium,  variegated. 

Flowers  single.  7".  Chandler,  f.  foliaceum. 

Flowers  doulde.  T.  Chandleri,  f.  plenum. 

Flowers  green,  white   bordered  at  the 

apex,  large.  T.  Chandleri,  f.  palaeeum. 

Flowers  green  throughout. 

Petals  large,  foliaceous.  T.  Chandleri,  f.  Gladeivitzii. 

Petals  small,  subulate.  T.  Chandleri,  f.  suhulalum. 

DESCRIPTIONS   AND    NOTES   ON    ABOVE    MENTIONED    FORMS    AND 
VARIETIES. 

Trillin  in  graiidiHoritiii  (Mx.)  Salisb.  The  normal  form  is 
quite  common.     No.  4431. 

Trillium  yraiidiHonim  (Mx.)  Salisb.,  f.  ORBICULARE,  N. 
form.  Petals  orbicular  or  nearly  so,  1^2-2  inches  in 
diameter,  mucronate,  green  with  a  white  border  along  Ae 
edge  above  the  middle.  No.  4436.  A  rhizome  was  found 
with  two  stems  each  bearing  a  normal  flower  for  the  form. 

Trillium  grandiflorum  (Mx.)  Salisb.,  f.  SPATULATUM,  N. 
form.  Petals  spatulate-oblong  to  spatulate  cuneate,  very 
obtuse  and  mucronate,  1^4-2  inches  by  1-1^,  green  with 
a  white  edge  above  the  middle  to  white  with  a  green  band 
up  and  down  the  middle.     No.  4433. 

Trillium  cjrandinornm  (Mx.)  Salisb.,  f.  VIRIDE,  N.  form. 
Petals  pale  green.     No.  4433a. 


Trilliiiiii  granditlontm  (Mx.)  Salisb.,  var.  obovatutn  (  Piirsh  I 
Farwell. 

T.  gnviditJoniin  var.  pan'uni.  Gates,  Ann.   Mo.  IVit.  Gard. 
IV.  58.   l!in. 

A  low  form  with  small  Hower.s.  Frequent.  Xo.  44415. 
There  seem  to  be  no  distinctions  between  the  descriptions 
of  Pursh  and  Gates. 

Trilliuiii  yrandifloruiii  (Mx.)  Salisb.,  var.  obovatiini,  f. 
VIRESCENS,  N.  form.  Petals,  green,  obovate  or  oblong 
and  mucronate  to  ovate  and  ovate-lanceolate  and  acute, 
some  of  them  clawed.     No.  4443a. 

I'nUiutn  lirioidcs,  Raf.  .Somewhat  similar  to  Trilliuiii  i/riiii- 
ditlorum  var.  obovatum  but  the  petals  are  narrower,  obovate 
or  oblong-cuneate,  Ij/^  inches  by  3^  inch  or  smaller,  leaves 
petioled  ;  ])etioles  about  an  inch  or  less  in  length.     Xo.  4437. 

Trillium  lirioides.  Raf..  f.  ALBOiMARGlNATl'.M.  X.  form. 
Petals  narrowly  obovate  or  oblanceolate,  varying  from  white 
with  a  green  band  along  the  midnerve  to  green  with  a  white 
border  along  the  edges  of  the  upper  parts.  No.  4444.  Of 
this  form,  3  rhizomes  (No.  4441)  bearing  two  stems  each 
were  collected :  on  one  of  the  rhizomes,  one  stem  bore 
leaves  only  and  the  other  was  normal  for  the  form ;  on 
another,  both  stems  were  floriferous,  one  stem  bearing  a 
flower  of  which  two  petals  were  white  and  the  other  varie- 
gated with  green,  and  the  ollu-v  stem  liorc  a  tldwcr  com- 
posed of  the  normal  parts  for  the  fcjrm  and  two  additional 
white  petals,  making  five  in  all,  :{  variegated  and  'i  white; 
on  the  third  rhizome  one  stem  was  leafless  but  tlie  flower 
had  an  enlarged,  foliaceous  c.ilyx  .-uul  .">  variegated  ])et.ils. 
of  which  two  were  very  small,  while  the  other  stem  bore 
the  usual  i)etioled  leaves,  a  normal  calyx  .md  nine  |)(tals,  of 
which  three  are  white  and  six  variegated. 

Trillium  lirioidcs.  Raf.,  f.  GK  i.VXTl'.r.M,  X.  form.  .Ml  parts 
much  cnljtrged,  as  large  as  in  'J',  grandiflorum ;  calyx 
foliaceous ;  petals  spatulate-oblong  very  obtuse  or  emargin- 
ate  and  mucronate  l'j-*<ij4  inches  long  by  If.)  wide,  usually 
sessile  but   occasionally   with   one  clawed ;  corres[)onds   to 
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forma  spatulaluni  of  T.  grandiflorum.  Xo.   1435.  Rhizomes 
occasionally  bearing  two  stems  normal  for  the  form. 

Trillium  lirioidcs,  Raf.,  f.  UNGULATUM,  X.  form.  Petals 
clawed,  green,  ovate,  obtuse  and  niucronate  or  ovate-lance- 
olate and  acute.    No.  -1434. 

TrilUum  lirioidcs,  Raf.,  var.  LONGEPETIOLATUM,  N. 
var.  Stem  above  ground  short,  about  two  inches  or  less, 
petioles  usually  longer  than  the  stem,  generally  over  two 
inches  and  a  little  shorter  than  the  blades ;  peduncle  long, 
erect,  nearly  or  quite  as  long  as  the  leaves,  including  the 
petioles ;  petals  white,  oblong-obovate,  mucronate  about  2 
inches  long  by  ^  wide.  No.  4440.  Differs  from  the 
species  in  its  short  stem  and  long  petioles,  just  reversing 
in  this  respect  the  relative  pro]iortions  of  these  parts. 

Trilliuin  lirioidcs.  Raf.,  var.  longcpctiolatnni.  f.  VEGETUM, 
N.  form.  Petals  ovate  to  oblong,  two  inches  or  less  in 
length,  obtuse  and  mucronate,  green  except  the  white  mar- 
gined apex,  clawed.     No.  4439. 

Trilliuin  lirioidcs.  Raf.,  var.  longcpctiolatnm.  I.  VARIE- 
GATUM  (E.  F.  Smith),  n.  comb. 

Trillium  grandiflorum,  var.  varicgatiiin.  E.  F.  Smith,  Bot. 
Gaz.  lY,  181,  1879. 

Petals  white  with  more  or  less  green,  chiefly  along 
the  midnerve,  of  variable  sizes,  often  as  large  as  in  T. 
grandiflorum.  No.  4438.  One  plant  has  a  stem  only  an  inch 
long  and  bearing  two  leaves  each  with  a  petiole  four  inches 
long,  the  third  leaf  being  represented  by  a  small,  narrowly 
lanceolate  bract  which,  including  the  petiole,  is  less  than  an 
inch  long;  the  peduncle  is  seven  inches  long,  equaling  the 
combined  length  of  the  petiole  and  blade. 

Trilliuin  CHANDLERI,  N.  Sp.  Rootstock  horizontal,  stem 
sheathed  at  base,  for  an  inch  or  so,  green,  or  reddish  at 
base,  six  or  seven  inches  high,  leafless ;  sepals  ovate-lance- 
olate or  lanceolate  1^  inches  long  by  j/s  to  J^  wide,  acute; 
petals  white,  oblanceolate  or  obovate-oblanceolate,  shorter 
and  narrower  than  the  sepals.     No.  4442. 
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I'rilUum  Cluimilcri  f.  FOLIACEUM,  N.  form.  Sepals  en- 
larged and  f oliaceous,  as  in  the  following  forms  also ;  petals 
from  broadly  obovate  to  oblanceolate,  oblong  or  ovate,  gen- 
erall}'  mucronate,  occasionally  clawed,  I'a  to  2^^  inches 
long,  from  white  with  a  narrow  green  stripe  along  the 
middle  to  green  with  only  a  white  edge  at  the  apex.  No. 
4445. 

Trillium  Chandlcri  t.  PALACI'X'IM,  N.  form.  Petals  shovel- 
shaped,  often,  including  the  prominent  claw,  3  inches  long 
by  ly^  wide,  broadly  obtuse  or  emarginate  and  mucronate, 
green,  the  upper  edge  bordered  with  white.    No.  4445a. 

Trillium  Chandlcri  f.  GLADEWITZII,  N.  form.  Petals 
green,  distinctly  clawed,  ovate  and  subrhombic,  acute, 
foliaceous  and  but  little  smaller  than  the  sepals,  two  inches 
long  by  one  wide.     No.  444Ga. 

Trillium  Chandlcri  f.  SUBULATUM.  N.  form.  Petals 
green,  small,  claws  3-5  lines  long,  oblong  or  spade-shaped 
blade  10  or  11  lines  long  by  5  or  6  wide,  abruptly  con- 
tracted in  to  a  subulate  point  about  3  lines  long.  Ovary 
small,  white,  six  angled,  2  lines  high,  style  i/^  line  long  with 
3  spreading  stigmas  of  the  same  length.  Stamens  2  with  a 
small  peduncled  ovary  bearing  one  style  and  stigma  in  the 
place  of  a  third  stamen.     No.  444t). 

'Trillium  Chandlcri  i.  PLh^NUM,  N.  fonn.  Mowers  varying 
from  partially  to  perfectly  double.  t)ne  rhizome,  placed 
here,  bore  on  its  stalk  a  4-merous  flower.  The  petals  of  this 
for]n  are  variegated,  green  and  white.     Xo.  444". 
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